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GOLD  DREDGING  m  THE  UNITED  STATES. 


By  Charles  Janin. 


IHTRODVGTIOV. 

The  recovery  of  gold  from  sands  and  gravels  is  one  of  the  oldest 
fonns  of  mining;  it  antedates  history  and  has  been  practiced  by 
s&vage  peoples.  In  North  America  the  search  for  placer  gold  has 
been  a  powerful  agency  in  the  exploration  and  development  of 
unknown  regions  and  has  profoundly  influenced  the  course  of  our 
civilization.  With  the  progress  of  invention,  the  improvements  in 
machinery,  and  the  availability  of  large  capital  for  the  conduct 
of  great  operations,  the  tendency  in  placer,  as  in  many  other 
branches  of  mining,  has  been  toward  the  working  of  extensive  but 
comparatively  low-grade  deposits.  The  early  miner  washed  the  rich 
spots  in  stream  beds  or  terraces  with  his  pan,  his  long  tom,  and  his, 
primitive  sluice.  Then  followed  the  growth  of  hydraulic  mining  and 
the  use  of  giants  supplied  with  water  under  pressures  of  hundreds  of 
pounds  to  the  square  inch  that  could  work  at  a  profit  gravels  whose 
gold  tenor  was  less  than  3  cents  to  the  cubic  yard.  Finally  came  the 
dredge  that  could  handle  deposits  lying  so  far  below  water  level  as 
to  be  beyond  attack  by  other  methods. 

Although  the  gold  dredge  was  first  successful  on  a  conamercial  scale 
in  New  2iealand,  it  has  reached  its  present  strength  and  efficiency  in 
this  country  and  its  development  is  a  monument  to  the  daring,  per- 
severance and  technical  skill  of  the  many  men,  mine  owners  and 
engineers  who  have  each  contributed  something  to  the  final  result. 
The  Bureau  of  Mines,  authorized  to  conduct  investigations  for  the 
purpose  of  increasing  efficiency  in  the  mineral  industries,  had  its 
attention  called  some  years  ago  to  the  need  of  a  comprehensive  report 
on  gold  dredging  in  the  United  States.  The  director  of  the  bureau 
recognized  that  such  a  report  should  summarize  the  development  of 
the  gold  dredge,  should  describe  in  detail  the  essential  features  of 
present-day  dredges,  should  discuss  the  facts  that  determine  whether 
a  placer  deposit  can  be  profitably  dredged,  and  should  point  out  the 
approved  methods  of  prospecting  placer  groimd  and  of  operating 
dredges. 

At  the  request  of  the  director,  the  author  undertook  the  preparation 
of  such  a  report  and  has  been  intermittently  engaged  on  the  task  for 
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several  years.  This  bulletin  is  the  outcome  of  his  labors.  He  hopes 
that  it  will  prove  of  interest  to  designers  and  builders  of  dredges,  to 
mining  engineers,  and  to  persons  who  may  contemplate  investing 
capital  in  placer-mining  ventures. 
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EISTOBT. 

Little  is  to  be  gained  by  narrating  in  detail  the  history  of  gold 
dredging,  but  a  report  of  this  kind  should  contain  some  mention  of  the 
progress  and  development  of  the  industry.  For  this  reason  a  brief 
historical  summary  is  given. 

Successful  gold  dredging  in  the  United  States  is  a  matter  of  not 
more  than  20  years'  standing.  Efforts  were  made  even  before  1890 
to  dredge  the  beds  of  rivers,  but  it  was  not  until  1895  that  success 
began  to  crown  the  efforts  of  the  pioneers  in  this  coimtry.  The  first 
dredges  to  work  in  the  United  States  were  erected  in  California;  and 
a  machine  was  constructed  even  as  early  as  1849  for  the  purpose  of 
scooping  the  gravel  from  the  inaccessible  beds  of  the  Sacramento 
River.  This  machine  was  sent  around  the  Horn  from  New  York, 
but  soon  after  its  arrival  it  sank  to  the  bottom  of  the  river,  where  no 
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doubt  it  still  remains.  During  succeeding  years  many  attempts  at 
gold  dredging  were  made  in  California  and  elsewhere  in  the  United 
States. 

BABLY  D&BDOES. 

It  is  curious  that,  in  spite  of  knowledge  that  might  have  been 
obtained  from  New  Zealand,  many  of  the  ''dredges"  first  tried  were 
of  the  suction  type  which,  so  far  as  the  writer  has  been  able  to  dis- 
cover, has  never  proved  a  success  in  gold  dredging. 

SFOON   DREDGE. 

An  early,  if  not  the  earhest,  type  of  dredge  was  the  so-called  '^  spoon 
dredge/'  In  1865  spoon  dredges  worked  by  hand  had  been  tried 
with  some  success  in  New  Zealand  on  rich  spots  on  the  Clutha  River. 
A  photograph  of  the  first  dredge  of  this  kind  is  reproduced  in  Plate 
I,  A.  Plate  II,  -4.,  shows  a  model  of  a  dredge  used  by  natives  in  the 
PhiUppine  Islands.  In  the  California  dredges  steam  was  used  for 
power  and  the  spoons  were  made  of  iron  and  weighed  upward  of  a 
thousand  poimds,  whereas  the  spoon  of  the  early  New  Zealand  dredge 
consisted  of  an  iron  ring  or  cutting  edge  to  which  was  fastened  a  raw- 
hide bag.  These  spoons  were  placed  at  the  end  of  a  long  pole  and 
dragged  along  the  river  bottom  by  means  of  a  rope  attached  to  a 
windlass.  When  the  bags  were  filled  they  were  lifted  to  the  barge 
by  means  of  the  windlass  and  their  contents  dumped  into  sluices  or 
washed  in  ordinary  rockers  by  hand. 

One  California  ''spoon''  dredge  in  1893  is  reported  to  have  recov- 
ered $40  a  day  for  a  short  period.  The  New  Zealand  boats,  hand 
operated,  recovered  as  much  as  80  oimces  a  week  of  six  working  days; 
but  those  with  steam  power  were  reported  a  failure. 

The  orange-peel  bucket  excavators,  such  as  are  used  on  harbor  work, 
were  triefi  in  various  places  and  were  used  in  California  in  1886;  * 
two  were  also  tried  at  Ruby,  Mont.  However,  excavations  of  this 
type  were  uidf ormly  imsuccessf ul.  The  steam  shovel  has  been  a  par- 
tial success  in  gold  dredging.  With  modifications  and  an  auxilary 
washing  plant,  and  placed  either  on  a  floating  pontoon  or  used  as  a 
dry  land  excavator,  with  a  long  or  short  boom,  the  steam  shovel  has 
been  tried  in  many  fields.  The  first  one  recorded  in  gold  dredging 
was  used  in  New  Zealand  in  1870. 

The  gold  dredge  with  bucket  elevators  was  designed  by  a  man 
named  Scott  and  put  in  operation  in  New  Zealand  in  1882.^  This 
dr^e  at  first  used  steam  power,  but  as  the  boilers  were  worn  out 
and  the  engines  were  too  large  and  heavy  for  the  pontoons,  the  con- 
sumption of  fuel  proved  excessive  for  the  capacity  of  the  dredge. 
Consequently  the  engines  and  boilers  were  discarded.     Side  paddle 

•  CBllfoniia  State  lOning  Bureau,  Eighth  ann.  rept.,  State  Mineralogist,  1887-^,  pp.  100-102. 
»  Cutten,  W.  H.,  New  Zealand  Inst.  Min.  Eng.,  Aug.  23, 1898. 
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wheels  placed  on  the  pontoon  and  driven  by  the  current  of  the  river 
were  used  to  elevate  the  dredging  buckets.  Sheet-iron  buckets  at- 
tached to  the  paddle  wheels  lifted  the  water  for  washing  the  mate- 
rial dug.  This  dredge  (PI.  I,  B) ,  after  a  varied  career,  finally  proved 
a  success,  and  at  one  time  more  than  12  dredges  of  this  type  were 
busy  on  the  river.  One  current-wheel  dredge,  according  to  the 
report  of  the  Minister  of  the  Mines,  New  Zealand,  recovered  £3,750 
during  two  months  operation. 

Tte  advantages  of  the  current-driven  bucket  dredge  were:  Small 
cost,  no  fuel,  few  hands  required.  The  disadvantages  were:  Depend- 
ence on  the  current  for  power,  and  hence  necessity  of  keeping  well 
out  in  the  stream  where  the  efficiency  was  regulated  by  the  depth  of 
the  water;  during  a  considerable  part  of  the  year  tjie  water  may 
have  been  too  deep  or  too  shallow  to  permit  work. 

I 

STEAM   DREDGES. 

The  first  steam  gold  dredge  was  designed  by  Charles  McQueen  and 
was  in  operation  on  the  Clutha  River  in  1882.  This  dredge  was 
equipped  with  a  double  line  of  elevator  buckets,  one  on  each  side  of 
the  hull,  which  was  of  iron,  70  feet  long,  15  feet  beam,  and  6  feet  deep. 
The  buckets  dischai^ed  into  two  revolving  screens.  The  fine  dirt 
went  into  the  sluice  boxes,  which  at  first  were  equipped  with  revolving 
copper  pans  to  amalgamate  the  gold.  The  pans  were  soon  discarded 
as  useless  and  the  gold  was  caught  on  cocoa  matting.  The  two  lad- 
ders were  not  whoUy  a  success,  as  dredging  first  on  one  side  and  then 
the  other  occasionally  rolled  the  decks  imder  water;  then  the  strong 
current  of  the  river  at  times  made  the  boat  almost  immanageable. 
During  16  years  of  operation,  first  with  two  ladders  and  afterwards 
with  one,  the  dredge  is  credited  with  having  recovered  nearly  £60,000 
($300,000).    The  dredge  is  shown  in  Plate  III. 

Although  dredging  for  gold  had  its  inception  in  New  Zealand  and 
the  number  of  dredges  at  work  in  that  coimtry  has  been  in  excess 
previous  to  1914  of  the  total  number  annually  working  in  the  United 
States,  excluding  Alaska,  progress  in  dredge  construction  and  operation 
was  far  more  rapid  in  the  United  States  than  in  New  Zealand.  The 
improvement  in  this  coimtry  no  doubt  has  been  due  largely  to  the 
progressive  spirit  of  operators  and  the  keen  competition  that  early 
developed  among  dredge-construction  firms.  The  latter  strove  to 
build  machines  of  increasing  efficiency  for  a  rapidly  growing  demand, 
and  the  operators  desired  machines  of  greater  capacity  and  strength. 

DREDGING  IN  OALIFOBNIA  AND  MONTANA. 

Tho  first  successfid  bucket-lift  gold  dredge  in  the  United  States 
began  work  at  Bannack,  Mont.,  in  1894,  and  in  the  total  production 
of  gold  won  by  dredging  in  this  country,  Montana  is  second  only  to 
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B.     CURRENT-WHEEL  DREDGE,  NEW  ZEALAND,   I 


A.     MODEL  OF  DREDGE  USED  BV  NATIVES  IN  PHILIPPINE  ISLANDS. 


B.    FACE  OF  CUT  IN  GROUND  ALONG  MOKELUMNE  RIVER,  CAL. 


Californiit.  The  output  from  gold  dredges  in  California  has  far 
exceeded  the  combined  output  in  all  other  States  and,  tor  that  mat- 
ter, IB  any  foreign  country.  Also,  it  is  true  that  most  of  the  progress 
made  in  dredge  construction  has  been  due  to  dredging  operations  in 
California,  although  Montana  has  contributed  materially  to  the 
development  of  the  modem  gold  dredge.  A  number  of  the  features 
&it  originated  or  were  first  tried  out  in  Montana  are  discussed  in  a 
paper  by  Jennings." 

llie  history  of  successful  gold  dredging  in  California  practically 
b^ins  with  the  floating  of  the  first  bucket  dredge  that  proved  a  suc- 
cess in  that  State  at  Oroville,  March  1,  1S9S.  A  dredge  designed 
after  the  type  used  in  New  Zealand  was  built  by  K.  H.  Postlethwaite 
m  the  Tuba  River  in  1897,  and  had  the  stream  been  less  turbulent 
Ctmt  dredge  also  would  have  proved  a  success,  as  similar  boats  oper- 
ated UJ«r  in  other  fields.  However,  because  of  difficulties  not  at  first 
realized  the  dredge  sank  to  the  bottom  soon  after  starting.  A  number 
of  other  dredges  were  subsequently  built  by  the  Risdou  Iron  Works 
after  the  design  of  Postlethwaite  and  were  more  or  less  successfully 
operated  for  many  yeais  in  California.  These  early  Risdon  dredges 
vrere  all  modeled  after  tJie  New  Zealand  dredges  of  that  period. 

Figures  showing  the  nimiber  of  dredges  operating  and  the  value  of 
the  gold  recovered  by  dredging  in  California  from  1896  to  1915 
follow: 

^oitt*  of  gold  vxm  by  dredgviig  in  Caiifomia,  1896-1916.^ 
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A  short  description^  of  the  first  Yuba  River  dredge  is  inserted 
here  as  of  interest  in  comparison  with  the  modem  dredges  now  work- 
ing on  that  river  and  described  in  other  chapters  of  this  bulletin: 

The  dredge  conflLsts  of  two  long  pontoons,  each  96  feet  long  by  9  feet  beam.  These 
are  connected  at  the  stem  by  a  small  pontoon  17  feet  long  and  5  feet  wide,  the  bow 
being  connected  by  heavy  overhung  beam.  This  practically  makes  one  boat  96  feel! 
long,  23  feet  wide,  with  a  well-hole  5  feet  wide,  running  through  the  center  for  some 
75  feet. 

The  ladder,  67  feet  long,  built  up  as  a  heavy  lattice  girder,  is  hung  at  the  stem 
end  by  a  bar  fixed  across  a  heavy jwooden  framing.  The  lower  end  of  the  ladder  car- 
ries a  five-sided  tumbler  and  is  suspended  by  blocks  and  tackle  to  a  cross  beam. 
By  means  of  wire  rope  and  blocks  the  winch  can  raise  or  lower  the  bottom  end  as 
required.  The  top  tumbler  is  carried  by  the  timber  framing  some  3  feet  above  the 
top  end  of  the  ladder.  The  continuous  bucket  chain  comes  up  the  top  side  of  the 
ladder  on  rollers  around  the  top  tumbler  and  back  in  a  catenary  curve  to  the  lower 
tumbler.  The  top  tumbler  is  driven  through  a  rope  transmission  and  heavy  gears  by 
the  engine,  a  vertical  compound  condensing  one,  which  also  drives  the  pump  and  indi- 
cates about  36  horsepower. 

This  dredge  was  designed  to  dig  45  feet  deep,  whereas  the  modem 
dredges  on  the  Yuba  dig  70  to  85  feet  below  water  level,  a  feat  that 
was  considered  by  come  engineers  mechanically  impossible,  even  as 
late  as  1905. 

Up  to  1898  gold  dredging  in  the  United  States  had  not  been  finan- 
cially successful,  though  dredges  embodying  the  ideas  of  various 
manufacturers  were  tried  in  Califolnia,  British  Columbia,  Idaho, 
Montana,  and  Colorado.  From  crude  beginnings,  however,  the 
machines  were  rapidly  improved  until  in  some  locahties,  as  at  Ban- 
nack,  Mont.,  the  efforts  of  the  operators  began  to  meet  with  greater 
financial  encouragement.  Most  of  these  early  dredges  were  light, 
relatively  inexpensive  affairs,  costing  $20,000  to  $30,000  and  were 
equipped  with  buckets  having  a  capacity  of  2  J  to  5  cubic  feet.  The 
first  Yuba  River  dredge  is  stated  to  have  cost  $25,000;  a  boat  now 
being  built  in  that  district  will  cost  about  $450,000. 

BUCKET-ELEVATOR  DREDGE. 

The  first  successful  bucket-elevator  gold  dredge  to  operate  in  the 
United  States  was  built  in  Montana.  It  was  known  as  the  Fielding 
L,  Graves,  and  was  constructed  on  Grasshopper  Creek  near  Bannack. 
G.  T.  Reiling,  now  interested  in  gold  dredging  at  Breckenridge,  Colo., 
was  connected  with  this  early  enterprise  in  the  spring  of  1895.  The 
dredge  was  of  the  double-lift  type.  The  material,  excavated  and 
elevated  by  the  buckets  as  in  the  present  single-Hft  type,  was  dis- 
charged into  a  revolving  screen  with  large  perforations,  so  that  all 
gravel  over  4  inches  in  size  was  discharged  overboard  at  the  side  of 

a  Postlethwalte,  R.  H.,  River  dredging  for  gold,  Min.  and  Sci.  Press,  vol.  75,  Sept.  4, 1897,  p.  217. 
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the  dredge  near  the  center  while  the  fines  passed  to  a  sump.  A 
second  Une  of  buckets  lifted  the  material  from  this  sump  to  a  sluice 
fitted  Yfith  riffles.  The  gold  was  caught  on  these  riffles,  which  at 
times  were  charged  with  quicksilver.  The  tailings  were  discharged 
about  100  feet  astern  of  the  boat. 

Several  points  of  interest  about  this  dredge  are  not  generally 
known.  The  second  lift  was  by  elevator  buckets,  electricity  was 
the  motive  power,  and  the  boat  was  equipped  with  two  spuds.  The 
washing  sluice  or  flimie  was  at  first  suspended  from  cables  anchored 
to  towers  on  either  side  of  the  gulch;  but  as  this  method  proved 
impracticable,  it  was  abandoned  and  the  sluice  placed  on  an  auxiHary 
scow.     Plate  IV,  A,  shows  this  dredge  as  it  now  appears. 

The  A.  E.  GfraeteTj  the  second  dredge  to  work  in  the  Bannack  district, 
was  built  in  1897.  This  dredge,  also  illustrated  here  (PI.  IV,  B  and  C), 
although  it  had  buckets  of  the  same  size  as  those  on  the  Graves, 
differed  from  that  boat  in  having  steam  power  and  using  a  centrif- 
ugal pump  to  elevate  the  fines  from  the  sump  to  the  sluices.  A 
point  of  interest  in  the  Qraeter  is  that  the  lower  end  of  the  tailing 
shiice  was  arranged  so  that  it  coidd  be  swung  lateraUy  by  means  of 
cables,  in  order  to  deposit  the  fines  over  a  wider  area.  To  preserve 
the  balance  of  the  boat,  which  might  be  affected  by  this  change  of 
dumping  point,  two  tanks  each  42  feet  long,  12  feet  wide,  and  42 
inches  deep,  were  contained  in  either  side  of  the  hull.  When  the 
sluice  was  to  be  swayed  to  one  side  water  wag  pumped  into  the  tank 
on  the  opposite  side. 

Plate  V,  A  J  shows  one  of  the  early  Colorado  dredges  that  worked 
in  the  Breckenridge  district  in  1898,  the  forerunners  of  the  dredges 
now  successfully  operating  there.  It  is  interesting  to  study  the 
different  forms  of  construction  used  in  these  early  boats  and  to  note 
the  gradual  development  of  mechanical  and  structural  improvements. 

« 

PBOORESS   IN   DESIGN   AND   EQUIPMENT. 

The  work  of  the  dredges  built  prior  to  1900,  or  even  of  some  built 
as  late  as  1910,  was  by  no  means  completely  satisfactory  from  the 
starty  and  large  sums  of  money  were  expended  in  changes  and  experi- 
ments before  some  of  the  ventures  proved  a  financial  success.  Trou- 
bles with  the  later  dredges  were  caused  partly  by  the  operators 
becoming  more  ambitious,  as  early  difficulties  were  overcome,  and 
attempting  to  work  deposits  that  at  first  were  considered  entirely 
outside  the  realm  of  possible  dredging.  One  can  picture  the  aston- 
ishment of  the  pioneers  in  this  industry  when  expressing  anxiety 
over  the  work  of  their  early  boats,  capable  of  handling  only  50 
cubic  yards  an  hour,  if  they  had  been  asked  to  design  and  finance  a 
dredge  that  would  dig  80  feet  below  water  level  and  would  handle 
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500  to  600  cubic  yards  an  hour  or  400,000  cubic  yards  a  month  for 
months  at  a  time.  Yet  this  is  what  the  mammoth  gold  dredges  in 
California,  Idaho,  and  Montana  are  doing  now.  Too  much  credit 
can  not  be  given  the  pioneers  for  their  persistent  and  progressive 
efforts,  and  it  seems  eminently  fitting  that  W.  P.  Hammon,  who  has 
been  the  leading  operator  since  gold  dredging  began  in  California,  is 
still  actively  interested  in  the  operations  of  the  largest  gold-dredging 
company  in  America.  Among  other  names  prominent  in  California 
dredging  are  those  of  R.  G.  Hanford,  George  Carr,  Frank  GriflSn, 
Charles  Gardiner,  and  Louis  Hopfield;  in  Montana  the  names 
of  N.  Si  Schafer,  Gordon  McKay,  and  Charles  Kammerer  are  well 
known.  In  addition  to  these  men  many  others  have  contributed 
greatly  to  the  development  and  success  of  the  modem  gold  dredge. 

GOLD  PRODUCED  BT  DREDGING. 

The  total  production  from  gold  by  dredging  in  the  United  States, 
excluding  Alaska,  from  the  beginning  of  operations  up  to  the  end  of 
1914,  has  been  approximately  $85,000,000.  Of  this  siun  California 
has  contributed  more  than  $71,000,000.  Montana  comes  next,  with 
$6,500,000,  and  is  followed  by  Idaho  and  Colorado,  with  about 
$3,000,000  each.  During  1914  there  were  nearly  80  dredges  busy  in 
the  United  States  outside  of  Alaska.  The  following  table,  showing 
the  production  of  gold  by  the  various  States  for  different  years,  has 
been  compiled  by  the  United  States  Geological  Survey:** 

o  McCaskey,  U.  D.,  Gold  and  silver  (general  report):  Mineial  Resouroes  U.  S.  for  1914»  U.  S.  Qeol.  Survey* 
1915,  p.  856. 


B.    SIDE  VIEW  OF  A.  F.  GRAETER  DREDGE  USED  AT  BANNACK.  MONT.;  STARTED  ie«S. 


C.    BUCKET  LINE  ON  A.  F.  GRAETER  DREDGE. 


A.    DREDSE  BUILT  AT  BRECKENRIDGE,  COLO^  ir 
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The  significance  of  these  figures  is  emphasized  hj  comparing  them 
with  returns  from  foreign  countries  as  shown  by  the  report  on  dredge 
mining  in  Victoria  for  1914.^  In  Victoria  the  total  production  of  gold 
by  dredges  from  the  beginning  of  operations  to  the  end  of  1914  was 
1,094,562  ounces  or  approximately  $22,000,000.  The  largest  number 
of  dredges  busy  in  a  single  year  was  133  in  1897,  when  20,000,000 
cubic  yards  of  material  was  handled  with  a  reported  average  recovery 
of  2.4  grains  or  approximately  9.6  cents  a  yard.  Compare  these 
figures  of  yardage  with  that  of  one  company,  the  Natomas  Consoli- 
dated, of  California,  which  in  1914  operated  13  dredges  that  handled 
in  all  25,800,000  cubic  yards  with  an  average  gold  recovery  of  10.25 
cents  a  yard.  In  New  South  Wales  according  to  the  reports  of  the 
Department  of  Mines,  during  the  years  1900  to  1914,  inclusive,  the 
total  yield  for  gold  dredging  bucket  and  pump  diwdges  was  £1,682,- 
540,  or  about  $8,400,000.  During  1914  there  were  18  bucket  dredges 
and  8  pumping  plants  employed,  and  the  18  bucket  dredges  treated 
4,315,962  cubic  yards  of  material  during  the  year.  These  figures  of 
dredge  capacity  might  be  compared  with  those  of  the  Boston  &  Idaho 
Co.  at  Idaho  City,  Idaho,  where  an  18-foot  bucket  dredge  handled  a 
total  of  4,670,124  cubic  yards  in  1914. 

According  to  the  minister  of  mines  of  New  Zealand,^  64  gold 
dredges  in  1914  produced  gold  to  the  value  of  £191,112.  During 
the  past  decade  the  number  of  gold  dredges  decreased  from  167  in 
1906  to  64  in  1914,  and  the  value  of  the  output  from  £500,000  to 
that  given  for  1914.  From  1906  to  1914,  inclusive,  the  production 
of  gold  by  dredging  in  New  Zealand  was  £2,883,570,  the  average 
annual  recovery  being  less  than  £5,000  per  dredge. 

Such  figures  show  how  the  first  efforts  in  other  countries  have 
become  the  basis  of  an  industry  that  has  been  developed  in  the 
United  States  beyond  all  dreams  of  the  pioneers. 

As  the  modem  gold  dredge  is  the  result  of  gradual  development,  the 
attaining  of  the  present  mechanical  efficiency  and  economic  success 
has  required  many  years.  After  the  spoon  dredge  operated  by 
hand  came  the  steam  shovel,  then  came  the  endless  bucket-chain, 
first  with  buckets  and  connecting  links  and  then,  years  later,  with 
close-connected  buckets.  At  first  the  power  was  steam,  then  current 
wheels,  then  steam  again.  Some  dredges  obtained  power  from 
water  wheels  on  the  boat,  the  water  under  pressure  being  brought 
through  pipes  with  flexible  or  swivel  joints.  The  application  of 
electric  power  generated  by  central  steam  plants  or  by  hydroelectric 
plants  was  a  great  advance  in  dredge  operation.  Oas  and  oil  engines  of 
various  types  and  makes  for  dredge  purposes  were  tried  and  successfully 
developed  from  experience  in  Alaska.     In  some  foreign  fields  pro- 

a  Victoria,  Australia,  Department  of  Mines,  annual  report  for  1914,  p.  7. 
»  New  Zealand,  Mines  statement  for  1914, 1915,  p.  33. 
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dncer  gas  has  been  used  to  a  small  extent  but  has  not  proved  a  great 
success.  One  of  the  most  recent  innovations  in  power  installation 
is  on  a  dredge  for  the  Philippines,  which  carries  a  steam  turbo- 
generator for  electric  power.  From  the  spoon  dredge  in  1865  to  the 
fiiBt  elevator-bucket  dredge  in  1882  was  a  long  step,  but  the  advance 
from  the  early  bucket  dredges  costing  $20,000  to  the  present  mam- 
moth dredges  costing  $400,000  is  fully  as  great. 

DREDGING  IN   COLD  BEGIONS. 

The  pioneers  of  the  industry  in  the  far  north,  in  addition  to  the 
ordinary  problems  encountered  in  gold  dredging,  have  been  obliged 
to  overcome  the  seemingly  insurmountable  difficulty  of  dredging 
frozen  ground.  The  successful  use  of  steam  for  thawing  such  ground 
has  been  periiaps  the  most  important  development  of  dredging  in  the 
north  and  has  greatly  extended  the  dredgeable  areas  in  Alaska  and 
Yukon  Territory. 

The  first  dredge  to  work  in  Yukon  Territory  was  built  on  Lewis 
River  in  1899.  In  Alaska  the  first  dredge  on  the  Seward  Peninsula 
was  built  on  Snake  River  near  Nome  in  the  same  year.  Since  then 
a  number  of  dredges  with  16-foot  buckets  have  been  built  on  the 
Yukon  and  dredges  with  10-foot  buckets  on  Seward  Peninsula, 
the  total  number  of  dredges  operating  in  both  fields  being  about  54 
in  1914. 

The  production  of  gold  by  dredges  in  Alaska  has  exceeded  $10,- 
000,000.  In  Yukon  Territory  to  the  end  of  1914  the  production 
approximated  $20,000,000,  one  American  company,  the  Yukon 
Gold,  contributing  more  than  $16,000,000. 

EVOLUTION  OF  GOLD  DBEDQES. 

The  modem  dredge  can  not  be  claimed  as  the  child  of  any  one 
brain.  Rather  it  is  a  composite  product,  representing  the  progressive 
thought  and  earnest  cooperation  of  many  individual  operators, 
engineers,  and  manufacturers.  Even  some  of  the  many  utterly 
unsuitable  and  freak  machines  tried  in  the  early  days  may  be  said 
to  have  suggested  an  improvement  made  in  the  practical  dredges  of 
that  time,  nor  can  one  say  that  no  further  improvements  are  coming 
&nd  that  perfection  has  been  reached.  Some  comment  on  the 
direction  in  which  improvement  is  possible  will  be  found  in  the 
chapter  on  dredge  construction. 

GOID-BBEDOIHO  DISTBICTS  IV  THE  UiriTED  STATES. 

The  principal  gold-dredging  districts  of  the  United  States  are  in 
Calif omia.  Montana  comes  second  in  importance  and  production; 
Colorado,  with  two  proven  districts,  is  third;  and  Idaho  and  Oregon 
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practically  complete  the  list  of  the  States.  Some  dredging  has  been 
done  in  Nevada,  New  Mexico,  and  Georgia,  but  the  operations  have 
been  relatively  of  small  economic  importance. 

In  Alaska  the  principal  dredging  operations  have  been  in  the  Nome 
and  Council  districts  on  the  Seward  Peninsula.  Others  are  scattered 
in  the  Forty-mile,  Iditarod,  Ruby,  CSrde,  and  Fairbanks  districts 
In  the  PhiUppines,  the  best  known  and  most  important  district  is 
the  Paracale.  The  new  dredge  at  Mambulao  may  open  another  field 
of  importance. 

CALIFOBNIA. 
OBOVILLE  AND  HAMMONTON  DISTRICTS. 

In  California  the  oldest  and  best  known  district  is  Oroville,  but  it 
is  being  rapidly  worked  out  and  the  number  of  dredges  is  decreasing 
from  year  to  year.  In  1910  there  were  25  dredges  in  the  Oroville  dis- 
trict, as  compared  with  8  at  present. 

*  As  regards  production,  the  most  important  district  is  at  Hammon- 
ton  on  Yuba  River.  In  1915  15  dredges  were  busy  there.  The  value 
of  the  gold  recovered  in  1910  was  $3,172,476;  in  1915  the  value  was 
$2,675,090.  The  dechne  in  production  is  due  to  the  working  of 
poorer  ground,  for  the  total  yardage  handled  by  the  dredges  has  in- 
creased. This  fact  may  be  made  plainer  by  comparing  the  figures 
for  one  company,  the  Yuba  Consolidated.  In  1911  the  12  dredges 
of  this  company  handled  approximately  14,000,000  cubic  yards, 
whereas  for  the  year  ended  February  28,  1916,  the  same  number 
of  dredges  handled  about  17,750,000  cubic  yards;  yet  the  gross  pro- 
duction for  1915  was  about  $800,000  less  than  that  for  1911.  New 
dredges  for  Yuba  County,  which  will  start  in  1917,  include  four  16- 
foot  bucket,  all-steel  boats  for  the  two  companies  now  operating  and 
a  9-foot  boat  for  a  new  part  of  the  district.  Yuba  County  will  lead 
in  1917  in  gold  production  and  number  of  dredges  operating. 

OTHER  DISTRICTS. 

In  Calaveras  County,  at  Comanche,  and  Jenny  Lind  there  were 
5  dredges  busy  in  1915.  In  Placer  County  there  were  3  dredges 
operating  in  1915.  The  principal  district  is  on  the  American  River, 
where  the  extent  of  the  available  ground  is  Umited.  In  1910  dredging 
was  confined  to  the  Bear  River,  where  it  proved  improfitable. 

In  Sacramento  County  the  Folsom  district  is  still  a  heavy  producer. 
In  1915  there  were  11  dredges  busy  there  as  compared  with  8  at  the 
beginning  of  1910.  This  district  produced  from  dredging  in  1915 
$2,129,781  in  gold.  The  reconstruction  of  several  old  boats  to  em- 
body some  important  changes  was  undertaken  in  1916. 

In  Stanislaus  County  one  dredge  has  been  in  operation  since  1908 
and  in  Merced  County  one  since  1907.    In  Siskiyou  County  there  are 
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two  dredges  busy,  which  in  1015  produced  about  $21 1 ,000  in  gold.  In 
Trinity  County  there  are  two  dredges,  one  at  Trinity  Center  and 
another  at  Lewiston.  In  1 9 1 6  considerable  prospecting  was  done  near 
CaiTville  and  Junction  City,  and  several  new  dredges  are  under  con- 
struction for  work  in  this  county. 

In  Shasta  County  successful  gold  dredging  is  comparatively  recent^ 
although  a  number  of  attempts  in  different  areas  were  made  some 
years  ago.  Dredges  are  working  on  Cottonwood  Creek  and  on  the 
Salzer  ranch,  near  Redding.  The  Igo  district  has  been  recently 
prospected. 

PRESENT  STATUS  OF  DBEDOINO. 

As  a  whole,  the  output  of  gold  from  dredges  in  California  has 
reached  its  maximum.  The  Hammonton  and  Folsom  districts  seem 
to  have  passed  their  highest  mark,  the  Oroville  district  is  nearly 
exhausted,  and  the  possible  area  of  more  recent  development  in  the 
northern  counties  is  very  limited.  To  offset  the  exhaustion  of  virgin 
territory,  several  attempts  have  been  made  to  handle  the  tailings  from 
early  dredges,  and  it  is  possible  that  some  plan  will  be  evolved  whereby 
the  reworking  of  dredged  ground  will  become  profitable.  The  recent 
construction  of  a  number  of  large  dredges  has  greatly  increased  the 
yardage  handled  in  California,  though  the  gold  content  of  the  gravel 
is  far  less  than  of  that  worked  in  past  years.  With  the  operation  of 
dredges  now  being  built  and  the  addition  of  others,  the  gold  won  by 
dredging  in  California  will  be  of  considerable  importance  for  years  to 
come. 

MONTANA. 

The  four  dredges  of  the  Conrey  Mining  Co.  at  Alder  Gulch,  in 
Madison  County,  comprise  all  those  in  the  State.  These  dredges 
have  been  working  jsuccessf  uUy  a  number  of  years,  and,  with  the  ex- 
ception of  the  Califomia  districts  named  above,  the  district  is  the 
largest  producer  in  the  United  States. 

This  district  is  being  rapidly  worked  out,  and  one  dredge  has  been 
shut  down  since  the  preceding  statement  was  written. 

OOLO&ABO. 

In  the  Breckenridge  district,  in  Summit  County,  four  dredges  are 
at  work.  The  Derry  Ranch  dredge,  near  Leadville  began  work  in 
1915.  In  addition  to  these,  the  possible  operation  of  dredges  in  other 
districts  is  indicated  by  considerable  prospecting  done  at  different 
times. 

IDAHO. 

Dredging  still  continues  in  the  Idaho  Gty  and  Eirtley  Creek  dis- 
tricts, as  well  as  minor  operations  in  less  important  districts;  and  the 
production  has  increased  steadily  until  it  is  now  about  six  times  what 
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it  was  in  1910.  At  present  four  dredges  are  at  work  in  this  State. 
These  fields  are  rapidly  nearing  exhaustion,  but  some  new  areas  are 
now  b^ing  equipped  with  dredges.  One  of  the  dredges  of  the  Yukon 
Gold  Co.,  having  worked  out  the  ground  for  which  it  vraa  built, 
has  been  moved  from  the  Yukon  territory  to  Idaho. 

O&BOON. 

As  dredging  on  the  Powder  River  had  pixDved  successful,  another 
dredge  was  installed  during  1916,  making  two  for  this  district.  The 
Powder  River  is  the  only  district  where  active  dredging  is  in  progress 
in  the  State,  though  a  dredge  has  recently  started  work  in  the  John 
Day  Valley. 


In  1915  there  were  42  dredges  reported  operating  on  the  Seward 
Peninsula.  Most  of  these  have  small  capacity  and  shallow  digging 
depth.  Two  of  the  dredges  are  recovering  tin  ore.  In  1915,  a  dredge 
was  built  in  the  Ruby  district,  on  the  lower  Yukon,  and  one  near 
Circle  City.  Tlie  small  dredge  on  Fairbanks  Creek,  brought- from  the 
upper  Yukon  to  the  Tenana,  is  still  in  operation. 

Two  dredges  are  at  work  in  the  Iditarod  district;  and  others  are 
in  prospect.  The  total  production  of  gold  by  dredges  in  1915  was 
about  $2,330,000. 

FKZLIPPINE  ISLANDS. 

In  1915  six  dredges  were  busy  in  the  PhiUppines.  Four  more  had 
been  ordered  or  were  being  constructed.  Most  of  the  active  dredges, 
all  but  one  in  fact,  are  working  in  the  Paracale  district,  Luzon.  The 
other  one,  at  Mambulao,  is  a  new  dredge  recently  constructed,  but 
no  reports  on  its  operations  are  as  yet  available.  The  annual  pro- 
duction of  gold  from  dredging  in  the  islands  is  reported  to  be  upwards 
of  $1,200,000. 


TOPOaRAPHT  ATTD  OEOLOaT  OF  DBEDaiHa  ABEAS. 

The  largest  dredging  fields  in  Califomia,  and,  so  far  as  production 
is  concerned,  in  the  world  lie  along  three  of  the  largest  rivers  draining 
the  principal  mineral  region  of  the  State.  The  mineral  area  drained 
by  the  different  branches  of  these  rivers  is  about  350  miles  long  and 
30  to  70  miles  wide,  and  includes  many  of  the  ancient  river  channels 
that  were  mined  for  gold  with  considerable  profit  in  early  days.  The 
present  river  systems  have  somewhat  different  courses  and  frequently 
cut  across  these  ancient  channels  (PL  II,  J?).  River  bars  and  flood 
plains  constitute  for  the  most  part  the  placer  deposits  of  the  present 
streams.  The  placer  gold  is  from  the  disintegration  of  the  old  auri- 
ferous slates  and  other  rocks  and  the  lodes  they  contained  and  also 
from  ancient  channels  eroded  by  the  present  river.^ 

CAIilFOBNIA  D&EDaiNa  DISTRICTS. 

Ihe  predominating  conditions  in  Calif omia  are  probably  typical  to 
a  large  extent  of  those  in  other  fields. 

Undoubtedly  the  placers  derive  their  gold  from  eroded  vein  and 
other  deposits  in  the  bedrock.  One  should  remember  that  a  good 
placer  should  contain  fairly  coarse  gold,  because  fine  gold  does  not 
concentrate  as  readily  and  is  borne  away  wit^t  the  sands.  Quartz 
vefais  that  carry  mainly  coarse  gold  are  apt  to  be  ''spotty  "  and  uncer- 
tain. In  the  really  valuable  quartz  lodes  the  gold  mainly  is  fine, 
either  free  or  in  pyrites,  and  the  erosion  of  such  lodes  does  not  result 
in  rich  placers.  For  this  reason  there  is  not  hkely  to  be  any  close 
association  between  the  best  quartz  mining  districts  and  the  most 
productive  placers.  The  American  and  Feather  Rivers  in  Placer  and 
Plumas  Counties,  Cal.,  have  furnished  rich  placers  but  are  notably 
poor  in  quartz  mines.  The  Caribou  district  of  British  Colimabia  and 
the  Klondike  have  similar  characteristics.  The  Mother  Lode  region 
of  California  has  yielded  very  little  placer  gold.  The  Columbia 
placer  district  of  Tuolmnne  Coimty,  though  limited,  was  one  of  the 
ridiest  in  California.  It  adjoins  a  district  that  has  pockety  quartz 
mines  that  produced  considerable  coarse  gold — ^notably  the  Bonanza 
Mme,  which  was  profitable  at  times — ^but  has  shown  no  lodes  that 
would  maintain  profitable  mining  on  an  extensive  scale. 

An  the  gold  of  the  valley  placers  is  fine  as  compared  with  the  coarse 
gold  found  along  the  higher  courses  of  the  present  rivers.  Although 
the  finest  particles  have  undoubtedly  been  carried  some  distance,  the 
coarse  gold  has  probably  not  traveled  far  from  where  it  first  lodged. 

•  Lindgren,  Waldemar,  Tertiary  grayels  of  the  Sierra  Nevada  of  CaliXbniia,  U.  S.  Geol.  Survey  Prof. 
Hper  73, 19U,  2»  pp.,  28  pis. 
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Most  of  the  gold  is  in  fine  flat  scales  that  are  comparatively  easy  to 
recover;  but  some  is  as  an  almost  impalpable  powder  and  is  carried 
off  in  suspension  and  some  is  associated  with  sulphides,  or  is  coated 
with  iron  or  other  oxides,  and  is  lost  through  failure  to  amalgamate. 
Occasionally  fair-sized  nuggets  are  found  in  the  dredge  sluices  and 
at  Breckenridge,  Colo.,  2i-inch  perforations  in  the  lower  sections  of 
the  revolving  screen  were  necessary  to  prevent  a  loss  of  gold  nuggets. 
At  the  Alta  Bert  property  in  Trinity  County,  Cal.,  a  large  part  of  the 
gold  is  relatively  coarse. 

CHIEF  DISTRICTS. 

The  principal  dredgiog  districts  in  California  are  at  Oroville  on 
Feather  River;  at  Daguerre  Point,  about  12  miles  above  Marysville, 
on  the  Yuba;  and  at  Folsom,  on  the  American  River.  A  smaller 
district  has  been  worked  for  some  time  near  Chico  in  Butte  County, 
and  some  years  ago  dredging  was  tried  about  Wheatland  on  the  Bear 
River,  but  the  gravels  proved  to  be  poor  and  operations  were  dis- 
continued. 

Smaller  quantities  of  gold  are  dredged  in  Siskiyou,  Trinity  and 
Shasta  Counties.  Dredges  are  also  busy  in  Calaveras  County,  Merced 
County  and  in  Stanislaus  Coimty,  and  some  dredging  is  being  done 
on  the  American  River  above  Auburn. 

The  depth  of  the  gravels  ranges  from  15  to  80  feet.  In  part  the 
gravels  are  coarse,  cobbles  up  to  a  foot  in  diameter  being  by  no 
means  uncommon.  In  Trinity  Coimty,  Cal.,  many  of  the  bowlders 
met  weigh  more  than  a  ton.  The  gravels  contain  much  sand  and 
clay  in  places  and  are  ill  sorted.  The  Oroville  gravels  almost 
universally  rest  on  a  false  bedrock  of  volcanic  tuflf  or  hardpan; 
some  of  them  lie  below  the  present  river  level,  and  others  rest  on 
benches  up  to  100  feet  above  the  channels  of  to-day.  The  tuflf  forms 
a  sheet  12  to  60  feet  thick.  At  Oroville,  and  along  Yuba  River,  there 
is  auriferous  gravel  below  it,  but  under  present  conditions  thia  lower 
gravel  can  not  be  worked. 

While  the  greater  proportion  of  the  gold  is  in  contact  with  or  di- 
rectly above  bedrock,  gold  is  by  no  means  everywhere  confined  to  the 
lower  layers.  Gold  is  often  distributed  through  the  gravels  or  con- 
tained in  one  or  more  upper  beds.  Where  occasional  seams  of  clay 
or  other  material  from  an  impervious  layer  in  otherwise  porous  gravel, 
the  downward  movement  of  heavy  minerals  is  arrested,  and  above 
these  layers  ^'pay  streaks"  are  formed,  a  cross  section  of  a  deposit 
sometimes  showing  several  of  them.  Where  the  material  is  clayey, 
the  gold  is  likely  to  be  distributed  throughout  it.  As  the  distance 
from  the  mouth  of  a  canyon  increases  the  gold  becomes  finer  and  the 
gravels  poorer.** 

o  For  a  diacoaaioin  of  the  geology  of  the  Calltomia  plaoers,  see  Lindgien,  WaMemar,  Tbe  Tertiary  gravelf 
of  the  Sierra  Nevada  of  CalUbmia:  U.  S.  Oeol.  Survey  Prof.  Paper  73, 1911, 230  pp. 
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OBOVILLK  FIELD. 

The  Qroville  dredging  grotmd  (PI.  V,  B),  now  practically  ex- 
hausted, pomprised  about  7,000  acres  of  the  plain  of  Feather  River, 
beginning  at  the  town  and  continuing  to  about  5  miles  below,  where 
the  ground  gradually  became  poorer.  The  width  varied  from  less 
than  a  mile  to  about  2  miles.  The  average  depth  of  gravel  is  about 
30  feet,  increasing  to  40  farther  down  the  river.  The  gravel  rests 
on  a  false  bedrock  consisting  of  a  compact  tuff  containing  no  large 
lava  pebbles  or  fragments. 

The  Feather  River,  along  which  the  placers  lie,  flows  through  a 
broad  valley  whose  surface  is  covered  with  gold-bearing  gravels  and 
sands  of  varying  richness  and  depth.  The  gold  originally  came  from 
the  gold-bearing  quarts  veins  and  old  gold-bearing  gravels  in  the 
mountainous  region  of  the  river's  upper  course,  and  has  been  rede- 
posited  with  the  gravels  and  sands  in  the  neighborhood  of  Qroville. 

As  a  whole  the  placer  ground  is  chiefly  heavy  gravel,  with  a  top 
layer  of  sand  or  sandy  loam.  This  loam  is  underlain  by  a  stratum 
of  naixed  gravel  and  sand,  and  in  places  by  well-defined  strata  of 
sand,  below  which  are  other  strata  of  coarse  or  fine  gravel  and  sand, 
the  size  of  the  rock  fragments  varying  from  that  of  a  pea  to  occa- 
sional bowlders  18  inches  in  diameter.  This  mixture  of  gravel  and 
sand  is  20  to  30  feet,  and  in  places  40  feet  thick.  Beneath  it  lies  the 
false  bedrock,  a  tuff  or  volcanic  ash,  fairly  smooth  and  regular  in 
contour,  and  soft  enough  to  dig  with  the  dredge  buckets.  In  places 
the  placers  contain  cemented  gravel,  and  in  places  considerable  clay 
Quikes  washing  difficult.  Most  of  the  gold  is  in  coarse  gravel;  here 
and  there  some  is  contained  in  sand.  The  gold  is  fine,  and  some  of 
it  may  be  called  flour  gold.  The  gold  content  of  the  gravel  worked 
ranges  from  8  to  35  cents  to  the  cubic  yard. 

The  fineness  of  grain  of  the  gold  in  the  Oroville  field  is  given  in  the 
following  statement,  which  represents  averages  from  a  number  of 
tests  made  by  screening  through  different  sized  screens: 

Size  of  gold  grains  from  the  Oroville  field. 
■vhefBOMD.  Peroeot. 

fiOaadcoareer 58.1 

fiOtolOO 15.3 

100tol2O ^. 2.9 

120tol5O 2.4 

ISOand  finer 21.1 

In  the  other  districts  the  gold  has  approximately  the  same  size  of 
S^.  Occasionally,  as  in  Trinity  and  Siskiyou  Counties,  small 
ii^ets  having  a  value  of  60  cents  to  several  dollars  are  foimd,  but 
iQ  California  such  nuggets  are  confined  almost  entirely  to  the  gravels 
of  those  counties.  The  gold  is  generally  of  high  grade,  its  fineness 
averaging  916  to  930.    Platinum,  iridosmine,  etc.,  are  associated 
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with  the  gold,  but  their  quantity  is  very  small.  The  platinum  does 
not  amalgamate  and  13  separated  by  panning  the  black  sand  of  tlie 
weekly  clean-up  of  each  dredge.  The  production  of  platinum  from 
all  districts  amounts  to  only  a  few  hundred  ounces  a  year. 

TUBA  FIELD. 

The  Yuba  field  (PL  VI,  A)  12  miles  from  Marysville,  at  Daguerre 
Point,  is  situated  where  the  first  ''greenstone"  hills  of  Yuba  County 
emerge  from  the  Quaternary  covering  on  the  south  side  of  the  river. 
The  available  dredging  land  on  Yuba  River  has  a  total  area  of  about 
6,000  acres;  it  extends  along  the  river  for  a  distance  of  about  7  miles 
and  has  a  width  of  1  to  2  miles. 

The  field  lies  only  a  little  above  river  level  and  is  covered  to  a  depth 
of  40  feet  or  less  with  the  old  tailings  the  river  has  brought  from  the 
hydraulic  mines  in  the  mountains.  Before  these  tailings  were  de- 
posited the  low  bars  rose  to  a  height  of  15  to  20  feet  above  normal 
water  level.  Above  Daguerre  Point,  on  the  north  side  of  the  river, 
the  gravels  rest  on  the  greenstone  bedrock,  but  elsewhere  in  the  aroa 
they  lie  on  a  stratum  of  hardpan  or  compact  clay,  which  on  the  north 
side  of  the  river  rises  to  form  low  rolling  hills.  Below  the  clay  in 
places  is  volcanic  tuff,  similar  to  that  of  Oroville,  and  probably  de- 
rived from  the  same  source,  namely,  the  volcano  of  the  Marysville 
Buttes.  The  bedrock  brought  up  by  the  dredges  does  not  usually 
show  the  presence  of  volcanic  material. 

FOL8OM   FIELD. 

The  Folsom  dredging  field  (PL  VI,  B)  at  the  mouth  of  the  canyon 
of  American  River  is  the  largest  in  the  State,  comprising  about  13,000 
acres.  From  Folsom,  in  Sacramento  County,  the  field  extends 
mainly  along  the  south  side  of  the  river  for  about  7  miles,  with  a 
width  of  1  to  2  miles,  forming  a  wide  belt  of  dredging  groimd  of  sandy 
gravel  20  to  35  feet  deep.  In  places  some  clay  is  encountered,  but 
the  conditions  at  Sacramento  and  Mississippi  and  on  the  Kendall 
and  Nuttall  tracts  are  generally  satisfactory  for  economic  dredging. 
Like  the  gravel  of  the  bars,  this  gravel  rests  on  a  false  bedrock  of 
white  volcanic  ash,  which  outcrops  in  the  Orangevale  Bluff,  north  of 
the  river,  and  at  other  points  on  higher  ground  south  of  the  river. 
Only  at  two  places  along  Willow  Creek,  within  the  area  actually 
exploited,  does  the  real  bedrock  (granite  and  slate)  appear  imder  the 
gravel. 

Farther  south  and  southwest  of  Folsom  Is  a  higher  belt  of  terrace 
gravel  on  which  the  early  miners  did  much  shallow  hydraulic  and 
drift  mining.  This  belt  appears  to  represent  an  older  channel,  which 
started  at  Mormon  Island  and  Blue  Wing  Ravine  and  continued  along 
the  upper  course  of  Willow  Creek.    Here  the  channel  is  400  feet  wide 
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and  formerly  was  worked  at  several  places  through  shafts  60  to  80 
feet  deep.  At  Rebel  Hill  this  gravel  spreads  out  consideri^ly  and  is 
50  to  70  feet  deep,  the  volcanic  ash  bedrock  lying  about  50  feet  above 
the  river.  In  this  area  the  formation  consists  of  gravel  held  tightly 
together  with  day.  In  places  the  gravel  is  cemented  and  is  covered 
with  a  fine  clayey  soil,  and  for  years  profitable  dredging  was  thought 
to  be  impossible  there.  The  conditions  for  work  are  unfavorable,  as 
the  digging  is  hard,  and  the  clay  makes  washing  difficult.  There  are 
two  principal  pay  streaks;  one  is  34  feet  below  the  surface,  the  second, 
at  50  feet  or  more,  rests  on  the  false  bedrock.  At  Sulky  Flat  and 
Blue  Ravine  the  gravel  is  similar  to  that  on  Rebel  Hill  and  equally 
hard  to  dredge. 

In  Cafifomia  the  mining  season  is  continuous  and  climatic  condi- 
tions are  generally  favorable. 

COLOBADO  D&EDGINa  FIELDS. 

The  pnncipal  dredging  fields  in  Colorado  are  near  Breckenridge, 
Summit  County,  where  the  gravels  occupy  the  bottoms  of  existing 
valleys.  The  greatest  known  thickness,  about  90  feet,  is  near  the 
Gold  Pan  pit  at  Breckenridge.^  Along  French  Creek  the  depth  to 
bedrock  in  the  main  channel,  from  Ni^er  Gulch  down,  is  45  to  50  feet. 
Along  the  Blue,  between  Braddocks  and  the  mouth  of  the  Swan,  the 
depth  in  the  old  channel  is  55  to  60  feet,  and  along  the  Swan,  from 
Galena  Gulch  down,  the  maximiun  thickness  is  40  to  50  feet. 

The  width  of  the  gravel-filled  valley  bottoms  is  600  to  3,000  feet 
along  the  Blue,  500  to  1,200  feet  along  the  Swan,  and  700  to  1,500 
feet  in  French  Gulch. 

In  general,  the  gravels  are  loose  and  the  readiness  with  which  they 
crumble  when  undercut  by  the  buckets  facilitates  dredging.  Those 
on  the  lower  Swan  cave  more  easily  than  those  on  French  Creek. 
The  gravels  are  generally  coarse  and  contain  hard,  well-rounded 
bowlders.  Along  the  Blue  these  bowlders  range  in  diameter  from  a 
maximum  of  about  6  feet  near  Breckenridge  to  4  feet  near  Valdoro. 
In  French  Gulch  the  lai^e  bowlders  rarely  exceed  3  feet  in  greatest 
diameter  and  are  not  so  well  rounded  as  those  on  the  Blue.  On  the 
Swan,  below  Galena  Gulch,  the  gravel  is  more  uniform  and  contains 
fewer  lai^e  bowlders  than  that  along  the  Blue  or  in  French  Gulch. 
Drilling  and  dredging  show  that  the  rock  bottoms  of  the  channels 
are  smooth  as  a  whole,  but  at  a  few  places  where  the  streams  have 
cut  into  quartzite  the  auriferous  surface  of  the  bedrock  is  rough  and 
hard  enough  to  tax  the  dredge  machinery  severely.  Shales  generally 
are  so  soft  as  to  be  easily  excavated  by  the  buckets;  and  the  porphy- 
ries, owing  to  more  or  less  decomposition,  also  constitute  a  tractable 
bottom  material. 


•  RBDBome,  F.  L.,  Geology  and  ore  deposits  of  the  Breckenridge  district,  Colorado,  U.  S.  Geol.  Survey 
Prof.  P^wr  n,  1911, 187  pp. 
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By  no  means  all  of  the  gravel  is  commercially  auriferous.  The 
workable  strip,  or  '* channel''  in  dredging  parlance,  is  generally  180 
to  400  feet  wide.  It  follows  a  sinuous  course  along  the  valley,  has 
no  regular  relation  to  the  channel  of  the  present  stream,  and 
does  not  invariably  correspond  to  the  deepest  part  of  the  bedrock 
trough.  The  lateral  limits  are  indefinite  and  irregular;  like  the  tenor 
of  the  deposit  they  are  clearly  affected  in  many  places  by  the  prox- 
imity of  lateral  gulches.  Thus  the  gravels  of  French  Gulch  are  espe- 
cially rich  below  Nigger  Gulch,  and  some  of  the  best  ground  known  on 
the  Swan  is  at  the  mouth  of  Galena  Gidch. 

HONTANA  DBEDaXNG  FIELDS. 

The  most  important  dredging  operations  in  Montana  axe  on  Alder 
Creek,  Madison  County,  at  Ruby.  (PL  VII,  A.)  In  fact,  this  is  the 
only  field,  except  for  early  work  at  Bannack,  where  gold  dredging  has 
been  successful  in  Montana. 

Alder  Creek  rises  on  the  northern  slopes  of  Old  Baldy  Mountain,  at 
the  south  end  of  the  Tobacco  Root  Moimtains,  and  flows  northwest  in 
an  irregular  curve  to  the  Ruby  River  at  Laurin.  The  prevailing  rocks 
in  the  Tobacco  Root  Range  are  schists  and  gneiss,  with  limestone  and 
quartzite  in  places.  The  auriferous  gravels  at  Ruby  lie  on  volcanic 
ash  beds  that  form  a  smooth  * 'false  bedrock"  that  shows  only  gentle 
undulations  and  slopes  regularly  to  the  west.  In  the  gulch  itself 
occasional  spurs  of  the  true  or  original  bedrock  are  struck  in  dredgmg 
and  are  in  part  responsible  for  some  of  the  ensuing  repairs. 

Auriferous  gravels  extend  at  least  16  miles  along  Alder  Gulch,  but 
the  area  known  to  be  profitable  for  dredging  is  probably  only  about 
six  or  seven  miles  long,  and  contains  about  1,750  acres  of  proved 
dredging  ground.  Most  of  this  groimd  lies  at  the  mouth  of  the  gulch 
and  below,  where  the  waters  of  Alder  Creek  have  formed  a  low  alluvial 
fan.  The  depth  of  the  deposit  increases  gradually  toward  the  west 
and  in  places  at  a  distance  of  2i  miles  from  the  mouth  of  Alder  Gulch 
is  nearly  60  feet  deep.  In  places  are  bowlders  larger  than  those  usually 
found  in  California  dredging  areas  and  at  these  places  the  gold  con- 
tent is  generally  higher  than  in  the  rest  of  the  gravel. 

Although  not  as  cemented  nor  as  hard  as  the  hardest  groimd  in  the 
QroviUe  district  or  the  deep  gravels  at  Folsom,  the  gravel  has  a  clay 
matrix  that  makes  it  rather  tenacious,  especially  near  the  false  bed- 
rock. The  gold  grains  vary  in  coarseness,  the  average  size  increasing 
up  the  gulch.  In  the  dredging  ground  40  to  50  per  cent  of  the  gold 
passes  a  60-mesh  screen,  and  15  to  30  per  cent  passes  a  100-mesh 
screen.  The  gold  varies  in  fineness  also,  that  from  the  dredge  farthest 
up  the  gulch  running  about  0.836  fine  and  that  from  the  lowest  dredge, 
about  2  miles  below,  being  about  0.873  fine. 


A.    DREDGE  PrT  NEAR  RUBY,  MONT. 


B.     eOSTOM  AND   IDAHO  DREDGE   IN   BOISE  BASIN,   IDAHO. 
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IDAHO  AND  OBBGOK  PLACBB  DEPOSITS. 

In  Idaho  the  placer  deposits  are  largely  confined  to  the  large  area 
of  deeply  eroded  granite  in  the  central  part  of  the  State.  Most  of  the 
placer  gold  has  been  derived  from  the  gold-bearing  quartz  veins  with 
which  the  districts  are  invariably  ribbed.**  The  most  important 
placer  district  in  Idaho  is  Boise  Basin  (PI.  VII,  B),  where  the  Boston 
&  Idaho  Dredging  Co.  has  been  at  work  a  nimiber  of  years. 

In  this  basin,  the  grotmd  is  light  and  easily  handled;  the  gravel 
is  about  30  feet  deep;  and  at  times  a  dredging  face  1,300  feet  wide 
has  been  carried.  Before  dredging  started  there  had  been  extensive 
hydrauhc  mining  in  the  vicinity  and  much  of  the  material  handled 
by  the  dredges  is  tailings  from  the  old  workings.  The  dredges  usually 
work  through  the  year,  but  on  accoxmt  of  severe  weather  they  shut 
down  in  January  and  February,  1915.  There  is  a  great  deal  of  sand 
in  the  ground  and  it  is  often  necessary  to  run  the  top  material  dry 
through  the  screens. 

Other  dredging  operations  in  Idaho  have  been  carried  on  at  Kirtley 
Creek  and  Bohannan  Bar  near  Salmon  City,  Lemhi  County,  and  minor 
operations  at  Moose  Creek,  Lemhi  County;  Pierce  City,  Clearwater 
County;  and  Elk  City. 

In  Oregon  the  only  profitable  dredging  enterprise  as  yet  developed 
is  that  of  the  Powder  River  Dredging  Co.,  near  Sumpter.  The  Powder 
River  drains  the  richest  mineral  district  in  eastern  Oregon.  The 
gravel  may  be  characterized  as  a  medium-size  dredging  gravel,  being 
somewlxat  larger  than  the  average  CaUfomia  gravel  and  containing 
some  large  bowlders.  It  is  12  to  25  feet  deep,  the  average  depth 
being  about  16  feet  and  300  to  1,500  feet  wide.  A  few  ledges  of  hard 
country  rock  are  occasionally  encountered.  The  gold  content  is 
mostly  in  the  lower  beds  and  on  or  near  the  soft  decomposed  bed  rock, 
which  is  known  to  the  dredgemen  as  ''clay  webfoot." 

PLAOEB  ABEAS  IK  PHILIPPINE  ISLANDS. 

In  the  Philippine  Islands  the  placer  areas  ^  are  small  as  compared 
with  those-  of  other  famous  fields,  but  are  large  enough  to  offer  very 
profitable  working.  Except  for  a  few  feet  at  the  surface,  all  the 
ground  dredged  in  the  Philippines  has  been  below  sea  level  and  the 
tide  flows  nearly  to  the  head  of  the  rivers  on  which  the  dredges  are. 

The  gold  in  general  is  much  more  angular  than  that  in  placers  in 
other  countries.  Usually  the  grains  are  fine  an.d  occur  as  small  well- 
shaped  crystals.  An  unusual  feature  along  Paracale  and  Malaguit 
Rivers  is  the  gold-bearing  quartz  picked  up  by  the  dredge  in  pieces 
that  range  in  size  from  a  pea  to  bowlders  weighing  100  Idlograms. 

a  Bell,  R.  N.,  State  Inspector  of  Mines,  Boise,  Idaho. 

ft  Kane,  WilUam,  Gold  dredging  in  the  Philippines:  Mineral  Resources  o(  the  Philippine  Islands, 
1913,  p.  30. 
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The  gold  in  the  Paracale  district  is  usually  found  in  the  layer  of 
gravel  next  to  the  bedrock  and  filling  the  crevices  and  cracks  of  the 
bedrock.  The  gold-bearing  gravel  is  0.3  to  3  meters  (1  to  10  feet) 
thick.  Little  or  no  gold  is  found  in  the  sands  and  clays  that  overlie 
the  gravel. 

At  Gumaos  little  or  no  black  sand  or  pyrite  is  found.  At  Paracale 
and  Malaguit,  however,  large  amounts  of  magnetite,  ilmenite,  pyrite, 
and  some  metallic  copper,  with  other  accompanying  minerals,  are 
foimd  in  places.  In  Nueva  Ecija  the  gold  is  in  even  finer  grains  than 
at  Paracale,  and  exceedingly  large  amounts  of  black  sand  make  the 
saving  of  gold  difficult. 

On  Paracale  and  Malaguit  the  mangrove  roots  and  soil  are  about 
2.4  meters  (8  feet)  in  depth.  Below  is  a  layer  3  to  6  meters  (10  to  20 
feet)  of  black  sticky  clay  or  '*pug,*'  then  a  thin  layer  of  sand,  and 
then  the  pay  gravel,  which  is  0.3  to  1.5  meters  (1  to  5  feet)  thick.  The 
bedrock,  a  decomposed  granite  or  gneiss,  is  well  adapted  for  dredging. 

At  Gumaos  there  is  about  1  meter  (3  feet)  of  soil,  then  3  meters 
(10  feet)  of  yellow  clay  and  6  to  9  meters  (20  to  30  feet)  of  black  clay 
or  ''pug,"  below  which  is  the  layer  of  pay  gravel  which  is  0.3  to  4.5 
meters  (1  to  15  feet)  thick.  There  is  very  Httle  quartz  in  this  gravel, 
and  none  of  the  quartz  is  gold  bearing  Hke  that  in  Paracale.  The 
recovery  of  gold  from  ground  so  far  worked  varies  from  30  to  90 
centavos  per  cubic  yard.  Some  patches  yielded  as  high  as  2  pesos 
per  yard.  The  greatest  depth  dredged  is  15  meters  (51  feet),  but 
the  average  depth  is  about  11  meters  (35  feet). 

Philippine  placer  ground,  so  far  as  shown  by  dredging,  differs  from 
that  in  other  countries  in  the  extremely  large  proportion  of  fine 
material  and  clay.  In  CaUfomia  only  from  30  to  40  per  cent  of  the 
material  dredged  passes  through  the  screens,  and  this  is  generally 
clean  sand  with  little  clay.  In  the  Philippines  a  tropical  climate  has 
caused  much  weathering  and  decomposition  with  resulting  produc- 
tion of  clay  and  soU,  so  that  70  to  80  per  cent  of  the  material  dredged 
passes  through  the  screens.  Also,  the  material,  from  its  being  largely 
clay,  is  sticky  and  hard  to  disintegrate,  resulting  in  loss  of  gold. 
Even  the  gravel  bed  in  which  the  gold  is  found  has  undergone  con- 
siderable decomposition  to  clay. 

YUKON  DKEDGma  FIELDS. 

Dredging  in  the  Yukon  field,  which  is  typical  of  other  fields  in  the 
far  north,  is  now  being  conducted  on  two  classes  of  deposits,  river 
valley  and  creek  beds.  Where  thawed  the  gravel  in  the  valley  of  the 
Klondike  River  is  well  adapted  for  dredging.  The  gravel  is  free, 
rounded,  and  clean,  and  averages  30  to  40  feet  in  depth.  The  bed- 
rock is  sufficiently  decomposed  to  be  dug  with  ease.  The  top  burden 
in  the  thawed  areas  of  gravel  has  been  largely  removed  by  stream 
action  and  presents  little  or  no  difficulty  to  dredging.* 

a  Ferry,  O.  B.,  Canadian  Mining  Inst.,  vol.  18, 1915,  p.  42. 
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The  creek  deposits  (PI.  VIII,  A)  are  altogether  different.  They 
are  shallow,  the  depths  to  bedrock  mostly  ranging  about  18  to  20  feet. 
The  gravel  is  angular  and  contains  little  sand,  the  gold  is  confined 
almost  entirely  to  bedrock.  The  creek  gravels  are  overlain  with  what 
is  known  locally  as  "muck,"  a  deposit  containing  organic  matter,  fine 
sand,  and  water,  which  almost  invariably  is  frozen,  and  where  undis- 
turbed is  covered  with  a  blanket  of  moss.  The  depth  of  this  muck 
is  4  to  8  feet,  averaging  about  6  feet.  In  dredging  on  the  creeks  it 
is  necessary  to  take  up  4  to  6  feet  of  the  bedrock,  which  is  a  massive 
and  blocky  sericite  schist. 

Operations  in  the  Yukon  district  are  subject  to  difficulties  not  met 
elsewhere  except  in  Alaska.  These  difficulties  are  caused  by  the 
climate  and  the  character  of  the  deposits. 

The  extreme  cold  of  the  Northern  winter  limits  the  open  season  to 
about  six  months.  Dredging  can  not  begin  until  thawing  has  pro- 
duced water  enough  to  float  the  boats  and  to  dear  the  ponds  of  winter 
ice,  5  to  7  feet  thick.  .Work  at  both  the  start  and  finish  of  the  season 
is  hindered  by  cold.  All  moving  parts,  such  as  the  tailing  conveyor, 
must  be  housed  and  also  warmed  with  steam  coils.  Also,  steam  must 
be  used  freely  to  keep  the  ladder  and  bucket  line  clear  and  to  keep  the 
gold  tables  in  proper  condition.  The  dredging  season  ends  when  the 
creek  freezes,  so  that  there  is  not  enough  water  for  floating  the  boat. 

The  creek  deposits  present  many  obstacles  to  dredging.  In 
the  first  place  the  deposits  are  shallow,  which  necessitates  frequent 
moving  of  the  dredge,  both  ''stepping  ahead"  and  across  the  pond. 
Also  the  shallow  ground  increases  the  labor  for  necessary  outside 
work,  such  as  setting  ^'deadmen"  and  removing  stmnps.  The 
thawed  muck  is  not  difficult  to  handle,  particularly  if  it  is  sandy, 
but  it  often  contains  buried  stumps,  roots,  and  other  material, 
which  tend  to  choke  the  feed  hoppers  and  cause  delays.  Digging 
the  bedrock  in  order  to  recover  the  gold  is  the  most  difficult  part 
of  the  process.  ,  It  is  slow,  hard  work  that  entails  heavy  wear  on  the 
entire  machine  and  necessitates  continual  replacement  of  all  digging 
parts.  Frozen  groimd  is  the  greatest  obstacle  to  dredging  on  a  large 
proportion  of  the  creeks,  for  the  gravel  must  be  thawed  (PL  IX,  A) 
before  dredging  can  go  on  successfully. 

The  short  working  season  led  to  many  departures  from  usual 
methods.  Effort  is  concentrated  on  getting  all  that  is  possible 
out  of  the  dredges  and  the  result  is  a  remarkably  high  efficiency  for 
the  period  of  operation.  Each  season  has  shown  a  gain  in  yardage 
per  dredge  hour  over  the  season  previous,  until  the  present  rate 
compares  favorably  with  that  of  dredges  of  the  same  size  in  Cali- 
fornia, where  conditions  are  much  more  favorable.  This  result  is 
largely  made  possible  by  thorough  overhauUng  and  repair  diuing  the 
months  of  no  dredging. 
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To  assure  the  success  of  a  gold  dredging  venture,  experience  and 
judgment  are  requisite  to  the  conduct  of  every  detail  of  the  work 
and  preeminently  in  prospecting  and'  examining  the  ground. 

Many  failures  in  dredging  are  traceable  to  lack  of  thorough  examina^ 
tion  of  the  ground  before  putting  in  a  dredge.  The  tendency  to 
build  an  expensive  plant  before  demonstrating  the  value  of  the 
property  was  as  pronounced  a  fault  in  the  early  days  of  dredging 
as  in  those  of  other  branches  of  mining. 

Improvements  in  construction  and  equipment  and  the  overcoming 
of  seemingly  insurmoimtable  difficulties  have  greatly  broadened  the 
dredging  field  and  have  reheved  the  engineer  of  many  of  the  diflS- 
culties  that  confronted  him  a  few  years  ago.  .  A  thorough  investiga^ 
tion  of  a  placer  deposit,  however,  is  not  as  simple  a  matter  as  the 
investor  is  often  led  to  believe.  Such  an  investigation  should  never 
be  made  by  a  man  unfamiliar  with  the  factors  governing  the  deter- 
mination of  the  value  of  placer  ground  and  with  the  conditions  nec- 
essary for  successf td  dredging. 

It  is  difficult  to  give  any  one  factor  as  most  important  in  the 
examination  of  dredging  ground,  as  several  conditions  must  be 
favorable  to  insure  success.  The  gold  value  in  itself  may  be  of 
minor  importance  in  valuing  some  ground,  because  a  hard  uneven 
bedrock,  many  bowlders,  much  clay,  or  a  rough,  bedrock  surface 
contour  may  prevent  the  profitable  dredging  of  ground  with  a  com- 
paratively high  gold  content.  However,  rich  enough  gravel,  the 
feasibility  of  economic  work,  and  enough  ground  to  warrant  the 
instaUing  of  at  least  one  dredge  are  the  salient  features. 

To  test  the  value  and  character  of  the  gravel  and  the  bedrock  either 
shafts  or  drill  holes  (PI.  X)  must  be  sunk.  Gulches,  old  prospect 
shafts,  pits,  or  hydraulic  faces  may  be  available  and  give  considerable 
information  in  a  reconnaissance  of  the  ground,  perhaps  sufficient  to 
warrant  an  engineer  of  experience  in  advising  his  cUents  to  make  no 
further  outlay  in  the  examination  of  the  property.  But  an  engineer 
would  not  be  justified  in  reporting  favorably  on  the  ground  without 
making  a  complete  examination.  Besides  the  conditions  that 
influence  the  actual  operation  of  a  dredge,  such  as  depth  and  char- 
acter of  bedrock,  possible  fuel  or  power  supply,  labor  conditions, 
etc.,  there  are  others  of  almost  equal  importance,  which  if  unfavorable 

a  In  preparing  this  section  the  author  has  taken  a  chapter  from  "  Gold  Dredging  in  Cedifomia,"  by  W.  B. 
Winston  and  Charles  Janin,  California  State  Mining  Bureau,  Bull.  67, 1910,  as  an  outline.  Such  material 
•a  was  necessary  to  bring  the  chapter  up  to  date  has  been  added. 
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would  result  in  the  engineer  turning  down  that  at  first  gilanoe  seemed 
meritorious.  Among  these  factors  are  transportation  facilities^ 
which  govern  the  cost  of  supplies  and  of  installation,  the  price  of  the 
ground,  titles,  and  climate. 

FBATUBES  THAT  XTJST  BE  DETEBHZNED. 

Proper  examination  of  a  placer  for  dredging,  therefore,  involves 
the  deteimination  of  the  foUowing  conditions: 

1.  Value,  character,  and  distribution  of  gold  content. 

2.  Depth,  character,  and  quantity  of  ground  to  be  worked. 

3.  Character  and  contour  of  bedrock. 

4.  Water  level  and  avaQable  water  supply. 

5.  C!osts  of  fuel,  power  obtainable,  possibilities  for  hydroelectric 
power.  \ 

6.  Labor,  transportation,  supplies,  etc.  ^^ 

7.  Surface  contour  and  timber  growth. 

8.  Operating  costs,  which  is  influenced  by  all  the  physical  factors. 

9.  Cost  of  land,  royalties,  titles,  etc. 

10.  Qimatic  conditions. 

11.  In  foreign  countries  other  factors  to  be  considered  would  be 
taxes,  duties,  stability  of  the  Government,  etc. 

In  determining  the  method  of  prospecting,  shafts  should  always 
be  used,  if  possible,  in  preference  to  drill  holes,  as  the  latter  give  less 
reliable  information  in  regard  to  the  physical  conditions  and  the  prob- 
able gold  content  of  the  gravel.  Shaft  sinking  permits  a  much  laiger 
sample  to  be  taken,  gives  better  opportimity  for  examining  the 
gravel,  and  if  the  material  taken  out  is  handled  carefully,  lessen  the 
chance  of  error  in  the  work.  Shafts,  however,  are  necessarily  limited 
to  favorable  conditions,  whereas  drill  holes  can  be  simk  in  any  class 
of  groimd.  It  must  be  remembered  also  that  the  value  of  nearly  all 
the  dredging  ground  in  California  and  elsewhere  has  been  computed 
from  sampling  with  drills  and  that,  if  other  conditions  are  favorable, 
the  largest  dredge  operators  in  the  world  would  not  hesitate  to 
finance  a  dredging  venture  the  mineral  content  of  which  was  estimated 
entirely  from  drilling  tests  by  engineers  whom  they  believed  reliable. 

In  prospecting  the  chances  for  errors  are  great,  and  constant  care 
is  necessary.  A  careless  drill  runner  may  neglect  to  drive  the  pipe 
ahead  of  the  driU  and  pump  an  excessive  quantity  of  material  from 
below  the  shoe  when  pumping  the  drillings,  as  is  frequently  done. 
Careless  work  may  also  be  done  in  drilling  compact  or  frozen  ground 
where  casing  is  not  thought  necessary.  Sometimes  such  carelessness 
accounts  for  a  high  gold  content  that  is  not  found  by  the  subsequent 
dredging.  In  loose  groimd,  the  pipe  may  be  driven  too  far  before 
pumping  and  become  clogged  so  that  the  volume  of  the  core  drawn 
up  does  not  increase  in  proportion  to  the  depth  of  driving.    In  run- 

1452«— 18— Bull.  127 3 
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ningy  sandy  ground  far  more  material  than  that  due  to  the  length  of 
drive  may  run  into  the  casing.  Allowance  must  be  made  for  this, 
and  often  the  casing  has  to  be  driven  several  feet  until  it  reaches  a 
firmer  stratum.  Generally  such  loose  groimd  is  barren  or  nearly  so ; 
if  it  is  not,  the  greatest  care  and  judgment  are  necessary  in  handling 
the  hole  and  estimating  the  contents.  Small  bowlders  in  loose  ground 
may  cause  the  displacement  of  considerable  underlying  material 
before  a  bowlder  is  broken  or  pushed  aside. 

The  risk  of  salted  samples  from  either  shafts  or  drill  holes  depends 
upon  the  conditions  of  examination ,  the  care  taken,  and  the 
experience  of  the  engineer.  Instances  of  salting  in  both  shaft  and 
drill  sampling  are  numerous.  A  common  precaution  when  one  shift 
is  employed  and  the  hole  is  unguarded  overnight  is  to  put  the  driving 
blocl^  on  the  drill  stem  and  leave  it  resting  in  the  casing.  As  this 
practice  is  not  absolutely  effective,  it  is  well  to  put  a  pan  or  two  of 
barren  tailings  in  the  bottom  of  the  hole,  to  be  pumped  out  and 
panned  the  first  thing  in  the  morning.  It  is  more  easy  to  salt  the 
examining  crew  in  drill  work  than  in  shaft  sampling,  but  with  proper 
care  there  is  small  danger  of  salting  being  attempted  without 
discovery.    In  this  connection ,  the  following  paragraph  is  of  interest :  ^ 

There  ore  two  cases  in  the  Philippines  where  placer  deposits  were  tested  and  re- 
ported to  be  of  value  and  later  were  found  to  valueless.  In  one  case,  a  dredge  was 
purchased  and  installed,  failing  almost  immediately  because  there  was  not  sufficient 
gold  value  recovered.  Another  property  was  reported  to  be  very  rich,  and  remarkable 
samples  were  submitted  by  the  claim  owners  as  proof.  A  company  was  formed  and 
stock  was  placed  on  the  market,  but  fortunately  the  error  in  valuation  was  discovered 
before  much  money  had  been  spent.  It  appears  that  the  samples  in  the  two  cases 
cited  above  had  been  salted. 

A  number  of  attempts  at  salting  in  the  United  States  and  Alaska 
where  the  examining  engineer  detected  the  ''salt'*  could  be  cited. 
Other  cases  could  be  given  of  salting  and  careless  or  inexperienced 
work  being  responsible  for  large  losses  of  money  spent  on  the  property 
or  in  building  a  dredge. 

When  because  of  the  presence  of  water,  or  for  other  reasons,  shaft 
sinking  is  impracticable,  prospecting  must  be  done  with  drills.  Ex- 
perienced men  should  be  engaged,  and  every  precaution  taken  to 
insure  the  results  indicating  as  nearly  as  possible  the  gold  content  of 
the  ground  prospected. 

The  gravel  may  be  fine  and  sandy,  medium,  or  coarse.  In  fine 
gravel  the  pebbles  are  usually  less  than  2  inches  in  diameter  and  gen- 
erally are  much  smaller;  in  medium  gravel,  the  diameter  of  the  peb- 
bles range  up  to  6  inches;  and  in  coarse  gravel  much  of  the  material 
is  larger  than  6  inches. 

a  Eddingfield,  F.  T.,  Mine  exploitation  and  the  causes  of  some  mine  failures  in  the  Pbilippioes: 
Mineral  Resources  of  the  Philippine  Islands,  1913,  p.  55. 
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Compact  gravely  if  not  cemented,  can  be  worked  with  a  pick,  and  a 
pipe  can  be  driven  in  it  without  much  difficulty.  Loose  gravel  is 
easily  worked  with  a  pick,  but  shafts  in  it  must  be  lagged.  Quick- 
sand or  fine  loose  gravel  containing  an  excess  of  water  is  liable  to  give 
bj  drilling  an  excess  of  material  for  the  distance  sunk,  and  the  results 
from  shafts  in  such  ground  would  probably  be  too  high  as  well,  if 
indeed  shaft  sinking  were  possible. 

OF  PIU)8PE0TIKa  SHAFTS. 


Prospecting  shafts  shoiild  be  of  uniform  diameter  from  top  to  bot- 
tom, in  order  to  facilitate  computation  if  the  entire  content  of  the 
shaft  is  to  be  washed,  but  often  the  practice  is  to  cut  a  small  section 
along  the  side  of  the  shaft  from  top  to  bottom  instead  of  washing  all 
the  gravel.  Usually  it  is  considered  good  practice  to  check  all  residts 
obtained  from  putting  the  entire  contents  of  the  shaft  through  a 
rocker  or  sluice  box  as  follows :  Channel  down  the  sides,  staggering  the 
cuts  at  different  levels,  measure  the  cuts  carefully  in  all  dimensions 
at  various  points,  then  average  these  dimensions,  calculate  the  volume 
from  the  averages,  and  weigh  the  gold  obtained  therefrom. 

Square  shafts  are  seldom  used  unless  the  ground  is  too  loose  or  wet 
to  stand  and  needs  timbering,  then  shaft  sinking  becomes  expensive 
and  soon  passes  the  limit  of  economy.  ,  In  wet  ground  it  is  also  the 
practice  to  use  round  iron  caissons,  usually  in  3  or  4  foot  sections,  in 
place  of  timber  lagging,  and  to  sample  the  entire  content  of  the  shaft. 
In  very  wet  groimd,  a  nest  of  caissons  made  of  ^-inch  steel  in  4-foot 
sections  ranging  from  5  feet  to  3|  feet  in  diameter,  and  tapering 
slightly  to  allow  them  to  telescope  readily,  has  been  furnished  by  some 
manufacturers.  Each  section  has  a  steel  band,  2  inches  by  i  inch, 
on  the  outside  of  the  top  end  and  on  the  inside  of  the  bottom.  The 
bands  stiffen  the  caisson  and  prevent  slipping  of  the  different  sections. 
With  these  caissons  and  a  good  centrifugal  pump  operated  by  a  gaso- 
line engine,  shafts  that  would  be  impracticable  under  other  condi- 
tions, have  been  sunk  in  wet  groimd  at  a  reasonable  cost.  Care  must 
be  taken  at  every  step  of  the  process  as  in  drilling,  and  occasionally 
in  very  wet  ground  a  small  caisson  is  driven  ahead  of  the  shaft,  and  a 
sample  is  obtained  before  the  gravel  is  removed  from  inside  the  large 
caisson.  This  method,  it  is  thought,  obviates  most  of  the  danger  of 
inflow  of  fines  from  outside. 

In  very  wet  ground,  however,  better  results  may  be  expected  from 
sampling  with  drill  holes.  When  a  heavy  flow  of  water  is  encountered 
in  a  shaft,  the  shaft  can  be  discontinued  and  the  remaining  distance 
to  bedrock  can  be  sampled  with  a  drill  hole. 

A  convenient  size  for  round  shafts  is  41  inches  in  diameter,  which 
gives  approximately  1  cubic  yard  of  material  from  each  3  feet  of 
depth.    Although  shaft  sinking  is  not  generally  considered  cheaper 


30 


GOLD  DREDGING   IN   THE  UNITED  STATES. 


than  drill  tests,  under  favorable  conditions  the  cost  of  shaft  sinking 
may  be  considerably  less  than  $2  per  foot,  according  to  local  wage< 
and  conditions.  The  cost  varies  greatly  in  different  places,  and  tim^ 
bered  shafts  for  prospecting  gravel  have  cost  as  much  as  $25  a  footi 
In  one  Colorado  field,  on  the  other  hand,  under  favorable  conditions 
more  than  100  shafts  ranging  from  5  feet  to  30  feet  deep  were  sunl^ 
at  an  average  cost  for  sinking,  not  including  sampling,  of  24  cent^ 
a  foot.    The  cost  of  labor  was  $1.50  and  $1.75  a  day. 

PBOSPBGTIKO  BY  SHAFT  AND  DBHX  HOIiBS. 

The  following  figures  show  the  gold  content  indicated  by  drill  holes^ 
sunk  with  a  standard  Keystone  drilling  rig,  and  the  use  of  the  usua) 
factor,  and  by  a  shaft  3  by  3  feet  sunk  around  the  drill  hole,  all  the 
material  from  the  shaft  being  washed.  The  figures  are  of  especial 
interest,  as  such  tests  are  not  often  made. 

Gold  content  indicated  by  a  drill  hole  and  a  thofU 


Content  as 

Content  as 

Test  No. 

indicated 

indicated 

Depth  of 

bydriU 

by  shaft 

ground. 

sampling. 

sampling. 

Onritpcr 

Obito  per 

cuMc  yard. 

mMcyard, 

Feet, 

0 

,        8.8 

6.5 

12 

2 

84.0 

8&0 

25 

8 

0.4 

6.5 

29 

4 

9.2 

50.0 

25 

6 

18.0 

14.4 

16 

6 

13.7 

25.5 

14 

7 

6.0 

7.0 

17.6 

8 

18.2 

12.3 

15 

Of  the  eight  samples  shown  the  shaft  gave  a  higher  gold  content  for 
five  and  the  drill  holes  for  three.  Unquestionably  shafts  are  far  more 
reliable  than  drill  holes  for  prospecting  placer  ground  where  shaft 
sinking  is  feasible,  and  on  the  ground  sampled  the  reason  for 
sinking  shafts  was  that  the  core  obtained  from  drill  sampling  was 
less  than  the  theoretical  core  and  it  was  desired  to  check  the  drill- 
hole results.  Dredging  on  this  ground  has  since  demonstrated  on 
other  parts  of  it,  a  higher  gold  content  than  that  indicated  by  the 
drill,  but  none  of  the  ground  prospected  by  shafts  had  been  dredged 
at  the  time  this  was  written. 

In  prospecting  with  drills  in  Cahfornia,  the  Keystone  No.  3  traction 
machine  (PI.  IX,  B)  is  generally  used.  This  machine  is  self-con- 
tained, has  an  8  or  10  horsepower  boiler,  and  a  walking  beam  to  work 
the  tools.  Wood,  coal,  or  oil  can  be  used  for  fuel,  and  where  electric 
power  is  conveniently  available  the  boiler  can  be  discarded  for  an 
electric  motor. 

The  casing  generally  used  has  an  inside  diameter  of  about  6  inches, 
is  T^  inch  thick,  and  weighs  about  28  pounds  to  the  foot.  It  is  cut 
into  sections  5  to  7  feet  long,  screw  threads  being  added  as  additional  \ 
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pipe  is  required.  The  pitch  of  the  casing  thread  generally  used  is 
about  eight  to  the  inch;  but  in  Oroville  and  some  other  districts, 
heavier  threads  with  about  half  this  pitch  are  commonly  used,  as 
such  a  thread  is  thought  to  better  stand  pulling  from  deep  holes. 
A  number  of  extra  lengths  are  kept  for  use  at  those  times  when  all 
the  casing  can  not  be  drawn  from  deep  holes.  This  practice  elimi- 
nate much  loss  of  time  and  extra  expense  incident  to  cessation  of 
operations  while  waiting  for  extra  pipe  or  digging  out  pipe  that  can  not 
be  withdrawn  by  usual  methods.  The  outside  diameter  of  the  cutting 
shoe  is  about  7i  inches.  The  threads  of  the  pipe  and  couplings  are 
cleaned  from  grit,  and  are  generally  slightly  lubricated  with  graphite; 
axle  grease  is  also  used  but  graphite  is  considered  preferable  as  the 
chance  of  getting  grease  in  the  hole  is  lessened.  The  threads  of  the 
pipes  and  couplings  should  be  in  good  condition,  to  prevent  loss  of 
pipe  in  the  hole  during  pulling. 

Drilling  without  casing  has  been  done  in  hard  groimd  that  will 
stand  without  the  pipe,  but  is  not  good  practice,  and  if  the  result 
shows  high  values,  they  can  not  be  accepted  as  truly  indicative  of 
the  gold  content.  Moreover,  ground  hard  enough  to  stand  drilling 
without  the  casing  may  be  too  hard  for  the  dredge  to  handle.  In 
Alaska  it  is  customary  to  drill  frozen  ground  without  using  casing, 
although  ground  that  is  only  partly  frozen  should  be  cased. 

The  casing  pipe  is  marked  with  plain  figures  for  each  foot  in  depth- 
If  the  operator  desires,  some  private  mark  may  be  used.  The  drill 
rope  is  also  marked.  Records  of  depth  and  all  details  of  operations 
are  usually  kept  by  the  panner.  Unless  the  record  of  pipe  depth  is 
accurately  kept,  it  becomes  almost  impossible  at  times  to  determine 
whether  the  drill  bit  is  striking  above  or  below  the  cutting  shoe. 
For  the  purpose  of  a  constant  base  to  measiu'e  from,  it  is  best  to 
place  a  fairly  long,  wide,  and  thick  board  on  the  ground  near  the 
diill  hole  on  which  the  drill  man  can  also  stand  while  working.  Also 
the  marking  of  the  driU  rope  should  be  occasionally  checked,  as  ropes 
stretch  and  bits  wear  with  use. 

The  bit  and  stem,  which  weigh  800  to  1,000  pounds  or  more, 
are  allowed  to  drop  with  a  slight  slack  in  the  cable,  so  that  their 
hnpact  loosens  the  gravel.  Tests  have  demonstrated  the  advan- 
ce of  quick,  long  strokes,  36  to  40  inches  long,  56  to  60  a  minute. 
With  a  slow  stroke  the  loosened  material  is  apt  to  settle  between 
strokes,  causing  most  of  it  to  be  recut  and  also  causing  possible  loss 
0^  gold,  aside  from  the  loss  of  time.  Obviously,  a  hole  will  be  sunk 
<{Qicker  if  the  bit  hits  the  clean  core  at  each  stroke,  but  the  saving 
of  time  is  a  secondary  consideration  in  sampling  placer  ground, 
accuracy  of  results  being  the  prime  factor. 
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HAKDLZNO  OF  BITS. 

Bits  are  of  several  types,  the  bit  most  stdtable  for  gravel  and  sand 
being  thin  bladed;  for  drilling  large  bowlders  or  into  hard  bedrock 
this  bit  is  sometimes  replaced  by  a  heavy  rock  bit  that  has  a  cutting 
edge  of  wider  angle.  In  loose  gravel  such  a  bit  would  pack  the 
material  and  might  drive  some  of  it  from  below  the  cutting  shoe 
to  the  side  of  the  pipe.  It  is  important  that  the  bit  be  kept  sharp 
and  well  beaten  out  at  the  edges.  Excessive  drilling  througli  the 
use  of  a  dull  bit  may  cause  flouring  of  the  gold. 

T78B  OF  SAND  FUMP. 

The  sand  pump  is  a  hoUow  steel  cylinder,  8  feet  long  and  4  inches 
in  diameter,  which  has  a  valve  at  the  bottom  and  a  piston,  or  sucker 
rod,  provided  with  a  valve.    The  piston  travels  the  whole  length 
of  the  cylinder,  going  to  the  bottom  of  the  pump  when  lowered,  and 
when  dniwn  up  rapidly  causing  a  vacuum  that  draws  in  sand,  muddy 
water,  and  small  stones.    The  efficiency  of   the   pump  depends  on 
the  rod  being  lifted  quickly.    Occasionally  the  valves  require  repair- 
ing, and  sometimes  an  obstruction  in  the  bottom  valve  seat,  which 
can  be  readily  repaired,  causes  leakage.    A  good  piunp  will  draw  up 
everything  in  the  casing  that  is  loose  and  small  enough  to  run  in; 
gold  and  other  minerals  are  drawn  in  with  the  sludge  and  are  held 
in  the  pump  by  the  foot  valve.     In  drilling  above  the  water  level 
or  in  ground  containing  little  water,  some  water  must  be  kept  in  the 
casing  to  facilitate  drilling  and  permit  pumping.    In  drilling  fine  or 
mediiun  gravel  it  is  usually  advisable  to  send  the  sand  pump  down 
inunediately  after  driving  the  casing,  in  order  to  prevent  soft  mate- 
rial being  forced  out  of  the  core  through  the  coarser  stones  by  the 
weight  of  the  drill.    Often  it  is  possible  to  pump  out  the  entire  core 
without  drilling  at  all.    Various  mechanical  troubles  occur  during 
drilling,  but  are  hardly  worth  enumerating  as  they  are  easily  repaired 
by  an  experienced  drill  runner. 

PBOCEDUBB  IN  DBILLINa. 

In  starting  a  drill  hole  at  the  surface  a  shallow  hole,  like  a  post 
hole,  is  usually  dug  and  the  first  section  of  the  casing,  with  its  shoe 
attached,  is  tamped  in  firmly,  and  plumbed  with  a  spirit  level. 
Care  must  be  taken  to  keep  the  casing  perpendicular,  otherwise  it 
may  become  bent  and  the  hole  lost  before  bedrock  is  reached;  also  a 
bent  pipe  is  difficult  to  pull.  It  is  usually  advisable  for  the  helper 
to  climb  the  scajffold  and  steady  the  tools  (bit,  stem,  and  socket) 
with  his  hands  for  the  first  few  feet  of  drilling,  so  that  the  tools  will 
not  hit  to  one  side  of  the  center  and  knock  the  casing  out  of  plumb. 

If  the  driving  shoe  strikes  the  sloping  side  of  a  hard  bowlder,  the 
casing  may  bend  and  cause  the  loss  of  the  hole,  though  in  fairly 
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loose  material  the  work  may  be  continued  by  turning  the  pipe  slightly 
in  the  hole. 

If  the  hole  is  started  in  top  soil,  the  casing  generally  is  driven  until 
firm  ground  is  reached,  and  in  hard  gravel  far  enough  to  remain  in 
place  while  drilling  goes  on.  In  loose  gravel  some  men  drive  the 
pipe  10  or  even  15  feet  before  beginning  to  drill.  This  procedure, 
though  permissible  in  places  where  the  upper  gravel  is  known  to 
carry  little  or  no  gold,  is  dangerous  where  the  depth  to  the  mineral 
content  is  not  known;  but  the  practice  is  often  encouraged  by  the 
drill  ronner,  as  it  makes  time.  After  the  pipe  has  been  driven  the 
desired  depth  the  core  is  loosened  by  the  drill  for  a  depth  of  about 
one  foot  and  then  pumped  out.  This  process  is  repeated  until  aU  the 
core,  except  a  few  inches  of  the  bottom,  has  been  removed.  Some 
operators  diill  several  feet  before  pimiping,  as  greater  speed  is  gained 
in  this  way,  but  pumping  is  genendly  done  for  each  foot  or  less  drilled, 
especially  when  drilling  in  the  ''pay  streak,"  where  several  pumpings 
are  necessary  to  dean  out  the  drilled  core.  In  drilling  where  the  loca- 
tion of  the  pay  gravel  is  known  and  the  material  above  the  pay  is 
thick  and  barren,  it  is  the  general  custom  to  drill  3  to  5  feet  for  each 
pumping  while  going  through  this  overburden. 

HANDLINO  OF  DRILL  OOBE. 

Daring  the  drilling  of  a  hole  a  tore  Sufficient  to  keep  outside 
material  from  entering  shoidd  be  left  in  the  pipe  before  and  after 
every  pumping.  The  length  of  this  core  varies  with  the  nature  of 
the  groimd,  but  generally  is  2  to  6  inches;  it  should  be  long  enough 
to  prevent  any  inrush  of  water  or  material  from  the  sides.  Water 
is  also  kept  in  the  drive  pipe  to  offset  the  pressure  from  the  outside, 
as  well  as  to  fadlitate  drilling.  When  drilling  cemented  gravel  or 
when  the  drive  shoe  encounters  hard  bowlders  it  sometimes  becomes 
necessary  to  drill  below  the  casing.  In  such  an  event  the  pipe 
should  be  driven  after  drilling  and  before  pumping  whenever  possible. 
Occasionally  it  is  necessary  to  pump  material  from  below  the  drive 
shoe.  Any  increase  in  the  gold  colors  panned  at  such  times  must  be 
especially  noted  and  the  quantity  of  material  must  be  compared 
with  that  recovered  under  normal  conditions.  Some  operators 
advocate  measuring  the  material  from  each  foot  drilled,  and  while 
thJ3  woxdd  be  good  practice  in  drilling  below  the  shoe  the  usual 
custom  is  to  measure  all  the  material  at  the  end  of  the  work  at  each 
liole. 

The  gold  content  of  a  placer  is  seldom  evenly  distributed,  but  is 
usually  concentrated  near  the  bottom,  one-tenth  of  the  material 
drilled  often  containing  most  of  the  gold;  at  times  gold  is  found  in 
different  layers  throughout  the  placer,  as  described  in  the  chapter 


34 


GOLD  DREDGING  ITfT  THE  UNITED  STATES. 


on  geology,  and  the  greatest  care  in  drilling  the  rest  of  the  ground 
becomes  useless  if  an  error  is  made  while  the  pay  streak  is  being 
driUed. 

Any  material  that  ac&eres  to  the  drilling  tools  as  they  are  raised 
from  the  hole  is  washed  back  into  the  casing,  so  that  it  may  be  brought 
up  in  the  sand  pump.  The  drill  runner  keeps  a  bucket  of  water  at 
hand  for  this  purpose.  Two  or  three  pumpings  are  generally  suffi- 
cient for  each  foot  drilled,  but  the  number  depends  on  the  material 
encountered;  from  some  holes  the  pump  will  bring  up  less  than  one- 
half  a  pan  at  a  pumping  and  from  others  even  two  pans.  The  sand 
pump  is  used  until  all  the  drilled  material  is  obtained.  If  the  drill  has 
been  working  below  the  casing  excess  material  is  likely  to  be  obtained 
by  repeated  pumpings  and  a  careless  drill  runner  has  often  ''salted'* 
himself  in  this  way.  The  contents  of  the  sand  pump  are  emptied 
into  a  sample  box  made  either  of  wood  or  galvanized  iron,  the  solid 
material  generally  being  caught  in  a  gold  pan  placed  inside  the  box. 
The  contents  of  the  pan  are  washed  and  any  gold  colors  counted  and 
recorded.  The  tailings  from  the  gold  colors  are  generally  segregated 
in  sizes  according  to  an  arbitrary  classification  and  recorded  on  the  drill 
log  under  the  headings,  one,  two,  or  three;  bunches  of  small  colors 
representing  one  or  more  colors  of  the  various  sizes  are  grouped  by  an 
experienced  panner. 

The  following  figures  from  the  driQ  logs  of  one  examination  show 
the  total  number  of  colors,  counted,  tmder  the  headings,  for  three 
holes.  Two  of  these  holes  were  driUed  within  a  few  feet  of  the  third 
in  an  attempt  to  check  the  results  first  obtained.  The  depth  drilled 
in  each  hole  was  about  60  feet. 

Arbitrary  classification. 


Hole  No. 

• 

SiM  of  colon. 

Total 
waight 
of  gold. 

Gold  con- 
tent of 
ground. 

1 

2 

3 

A 

14 
5 
3 

79 

39 

8 

117 
338 
342 

Mg. 

725 
327 
125 

CU.pereu, 

72.4 
82.3 
12.5 

B 

C 

Weighing  tests  are  made  during  the  first  stages  of  the  examination 
to  determine  the  weight  of  gold  colors  and  to  enable  the  panner  to 
become  familiar  with  some  of  the  characteristics  of  the  gold.  On 
extended  examinations  good  panners  become  able  to  approximate 
closely  the  gold  content  of  the  sample  when  panning  the  material 
from  the  drill  hole. 

Gold  colors  vary  greatly  in  different  districts  and  a  man  familiar 
with  one  district  may  be  misled  at  first  when  panning  in  a  new  field. 
On  one  examination  the  gold  colors  weighed  200  to  a  cent  and  on 
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another  1,200  colors  were  required  for  the  same  weight.  In  different 
fields  ihe  colors  from  drilling  may  vary  from  such  sizes  to  those  weigh- 
ing a  milligram  or  more.  In  Alaska  and  in  northern  California  colors 
weighing  several  milligrams  are  occasionally  brought  up  by  the  sand 
pump. 

PANNINQ. 

Panning  is  done  over  a  tub  and  the  tailings  from  the  pan  are  after- 
wards rocked  by  the  panner,  as  is  also  any  material  left  in  the  sample 
box  when  enough  has  accumulated  or  when  the  panner  has  time.  A 
simple  method  of  handling  the  cores  is  to  place  the  rocker  on  its 
proper  grade  at  the  overflow  end  of  the  sample  box.  If  an  apron  is 
used  in  the  rocker  and  it  is  occasionally  shaken  a  little  to  prevent 


TiouEi  1.— Patented  device  for  puUing  drUl-bole  pipe. 

caking,  very  little  gold  will  get  away  with  the  overflow.  Then,  after 
the  hole  is  down,  or  at  any  convenient  time,  the  panner  can  take  the 
f^due  from  the  tub,  put  it  back  in  the  sample  box,  measure  it,  and 
then  run  the  whole  through  the  rocker.  In  rocking  care  should  be 
taken  to  prevent  caking  at  the  lower  end  by  stopping  occasionally 
and  scooping  the  material  from  the  lower  end  back  into  the  rocker 
screen.  The  tailing  from  the  rocker  is  tested  by  careful  rerocking  or 
panning  in  order  to  check  the  washing  of  the  sample. 

After  the  core  drilled  has  been  removes!  by  the  sand  pump,  the 
casing  is  again  driven  and  all  operations  continued  as  before  until  the 
hole  is  down  to  bedrock.     When  bedrock  is  reached,  repeated  use  of 
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the  sand  pump  is  necessary  to  remove  all  the  drillings  from  the  hole, 
and  sometimes  when  the  bedrock  is  'soft  the  pump  loosens  matfirial 
that  has  not  been  drilled.  The  color  of  the  drillings  from  bedrock  b 
generally  noticeable  and  readily  recognized.  If  the  colors  recovered 
appear  excessive,  the  drill  hole  may  have  cut  a  rich  seam  or  a  small 
pocket  and  the  result  should  be  noted  separately  from  the  record  of 
the  rest  of  the  hole. 
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The  hole  being  finished,  the  next  operation  is  pulling  the  pipe- 
Sometimes  considerable  difficulty  is  experienced  in  pulling  the  casing 
from  a  deep  hole.  A  pulling  jar  and  pulling  head  are  generally  alt 
the  special  equipment  necessary  when  a  hole  is  shallow ;  with  a  deep 
hole  the  jars  may  not  be  able  to  loosen  the  pipe  and  two  jackscrews 
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may  be  required.  A  patented  pulling  appliance  that  seems  to  have 
considerable  merit  is  shown  in  figure  1. 

Boxes  for  the  pumpings  are  made  in  different  i^es;  some  are  12 
by  14  inches  by  8  feet  long.  A  convenient  box  is  made  of  2-inch 
planks,  it  measures  20  by  20  inches  and  is  5  feet.  Such  a  box  held 
together  with  rods,  is  strong  and  easily  transported.  A  galvanized- 
iron  box  is  more  easily  cleaned  and  transported  than  a  wooden  box 
and  will  be  found  decidedly  satisfactory  on  extended  examinations. 

The  size  of  the  rocker  varies  with  the  personal  ideas  of  the  user 
and  is  often  governed  by  the  size  of  the  material  obtainable.  A  good 
size  is  18  or  20  inches  wide  by  4)  or  5  feet  long  (see  fig.  2)  and  is 
used  either  with  or  without  an  apron.  The  use  of  the  apron  some- 
times facilitates  rapid  work,  because  the  tailings  are  not  rerocked 
except  occasionally  to  test  the  rocker  efficiency.  In  the  plain  rocker 
the  tailings  are  usually  rerocked  one  or  more  times,  according  to 
the  gold  content  of  the  ground.  Clean  water  is  .always  preferable 
for  both  panning  and  rocking.  Some  engineers  line  the  bottom  of 
the  rocker  with  burlap.  The  writer  has  made  tests  with  burlap, 
corduroy,  canvas,  and  blankets  and  considers  ordinary  burlap,  which 
is  always  obtainable,  the  most  satisfactory.  Some  firms  supply  a 
steel  rocker  that  probably  has  some. advantages.  For  examinations, 
in  districts  where  suitable  lumber  for  a  rocker  might  not  be  available 
experienced  engineers  generally  carry  a  rocker  that  can  be  taken 
apart  and  compactly  packed.  A  steel  rocker  might  answer  the 
purpose  equally  well. 

The  tubs  in  which  the  panning  is  done  are  either  galvanized-iron 
washtubs  or  half  barrels.  The  fine  colors  from  the  pannings  and 
rockings  are  usually  kept  in  a  small  dish  and  are  amalgamated  at 
the  completion  of  the  work.  The  amalgam  is  put  in  a  small  vial 
which  is  marked  with  the  number  of  the  hole,  and  the  quicksilver  is 
later  separated  from  the  gold  by  first  using  diluted  and  then  strong 
nitric  acid,  after  which  the  gold  is  washed,  dried,  and  weighed. 
Some  operators  use  no  quicksilver  and  separate  the  black  sand  from 
the  gold  by  close  panning  and  a  magnet,  then  dry  the  material, 
remove  any  remaining  black  sand  by  blowing,  and  weigh  the  gold. 

If  the  gold  does  not  readily  amalgamate,  the  fact  should  be  noted 
in  the  log  book  and  the  cause  ascertained.  Poor  amalgamation  may 
be  due  to  a  coating  of  iron  oxide,  the  presence  of  arsenic  or  grease, 
or  to  some  other  cause.  A  conunon  cause  is  the  fouling  of  the 
quicksilver  by  grease  and  other  impurities;  these  should  always  be 
kept  away  from  the  pans;  but  grease  from  the  pipe  couplings  and 
from  the  foot  valve  of  the  sand  pump  will  often  get  in.  Often  a  little 
caustic  potash  will  solve  the  difficulty  of  amalgamation,  or  even 
common  salt  kept  in  solution  on  top  of  the  mercury.  Sometimes  so- 
called  rusty  gold  will  amalgamate  after  being  rubbed  with  the  finger 
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against  the  pan.  Although  it  is  often  necessary  in  cold  weather  to 
use  warm  water  to  facilitate  amalgamation^  it  is  best  to  amalgamate 
at  as  nearly  as  possible  the  same  temperature  as  wiU  prevail  on  the 
dredge.  Methods  of  saving  the  gold  in  sampling  that  can  not  be 
duplicated  or  equaled  on  the  dredge  may  lead  to  error  in  calculating 
the  value  of  the  ground.  The  physical  characteristics  of  the  gold 
determine  in  a  great  measure  the  percentage  of  recovery  on  the  gold- 
saving  tables  of  the  dredge.  If  much  light,  thin,  scaly,  and  flour 
gold  is  encountered  in  prospecting,  the  fact  should  be  carefully  noted, 
as  there  may  be  difficulty  in  saving  such  gold  on  a  dredge  handling 
large  quantities  of  sand  and  gravel. 

The  black  sand  caught  in  the  pan  and  riffles  with  the  gold  seldom 
contains  anything  of  value.  However,  there  is  a  possibility  of  find- 
ing platinum  and  various  minerals  of  high  specific  gravity,  and  in  a 
new  district  it  is  always  advisable  to  investigate  the  black  sand  care- 
fully.   For  this  purpose  a  good  microscope  can  be  used  to  advantage. 

The  practice  among  engineers  inexperienced  in  placer  work  of 
using  the  fire  assay  to  determine  gold  content  is  rarely  followed  these 
days.  A  few  years  ago  the  practice  was  more  widespread  than  would 
be  imagined;  numerous  reports  upon  new  districts  have  been  based 
upon  such  methods  which,  needless  to  say,  were  worthless. 

PBO8PB0TINO  BBCOBDS. 

In  prospecting  with  drills  and  shafts  a  systematic  set  of  logs  must 
be  kept  for  calculations  and  tabulations. 

It  is  surprising  how  much  expensive  work  has  been  done  in  pre- 
liminary investigations  without  a  systematic  record  being  kept  for 
future  reference.  Especially  has  the  writer  foimd  this  to  be  true  of 
Alaskan  fields;  often  a  note  of  the  depth  and  a  rough  estimate  of  the 
total  amount  of  gold  recovered  from  a  drill  hole  or  shaft  that  has 
been  sunk  at  a  cost  of  perhaps  SI 00  or  more  are  all  the  information 
available  of  work  done,  or  else  the  whole  matter  was  left  to  the 
memory  of  the  drill  runner.  Such  results  might  be  of  some  interest, 
but  would  prove  of  Uttle  value  in  estimating  the  gold  content  of  the 
ground.  The  logs  should  give  all  the  necessary  information  ia  as 
simple  and  comprehensive  a  manner  as  possible.  Some  of  the  largest 
dredging  companies  in  California  have  used  for  a  number  of  years 
field,  time,  and  prospecting  logs  similar  to  those  following  and  find 
that  they  answer  every  purpose. 


PROSPECTIKO  DBEDOn^O  OBOtTlirD. 


39 


Form  of  drill  log  u$ed  by  large  Caliifomia  dredging  company.^ 


Date.. 

HoleNo. Grew  No Tnct 

Started  hole Unlslied 


Depths. 
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si 
II 

|2 


Coras. 
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I 


Colon. 


Ffrmness. 
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8. 


OD 


Fomatioii. 


Total  dopth 

Depth  to  bedrock  ... 
Depth  to  water  level 
lleaimed  ▼olnme . . . 


Ptamaii. 


Form  ofUvM  log  used  by  large  California  dredging  company.^ 


Date.. 

HoleNo Crew  No Tract 

Started  hole Finished 


Nature  of  work. 


Hours  and  ndnutes  oonsumed  in— 


I 


I 

o 


§• 


£ 


I 


I 

t 
2 


Remarks. 


Panman. 


a  Form  used  by  company  is  5}  by  9  inches  and  has  space  for  34  entries  instead  of  4. 
^  Fonn  used  by  company  is  6}  by  9  fnolMB  and  has  ipaoe  for  80  entries  instead  of  4. 
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Fofm  of  prospecting  report  uud  by  large  CaHfomia  dredging  eompany. 
Examination Date 


No.  of  hole No.  on  map  Crew  No.  - 

Location  of  hole 

Method  of  proepecting  by Machine  used 

Started  hole Finished  hole Days  worked 

Depth  of  top  soil 

Depth  to  bedrock 

Depth  drilled 

Depth  used  in  calculations 

Depth  to  water  level 

Distribution  of  gold 

Nature  of  top  soil 

Nature  of  gravel 

Nature  of  gold-beaiing  strata 

Nature  of  bedrock , 

Time  consumed  in :  Moving Setting  up Drilling  operations 

Pidlingpipe Delays Total 

Causes  of  delays 


Mg.  of  gold  recovered •. 

Factors  adopted Fineness  of  gold 

Cu.  ft.  per  ft.  depth  of  hole Average  value  per  c^bic  yard 

Remarks 


Signed 

Checked  by  . 
Approved  by 


The  field  and  time  logs,  which  are  kept  in  the  field,  usually  by  the 
panner  or  the  men  in  charge  of  the  drill,  are  made  in  convenient  size 
books,  about  4}  inches  wide  by  7  inches  long,  containing  50  leaves 
each.  The  paper  is  tough,  strong,  and  not  easily  torn  when  wet; 
the  books  can  be  carried  in  the  pocket  and  readily  used  in  stormy 
weather.  It  facilitates  matters  to  have  the  leaves  of  distinctive 
colors,  those  of  the  field  log  being  usually  green,  and  those  of  the 
time  log  yellow  or  whatever  color  suits  the  fancy  of  the  man  in  charge. 
These  books  are  now  obtainable  from  technical  book  shops.  The 
leaves  of  the  field  log  are  perforated ;  they  are  torn  out  at  the  comple- 
tion of  each  hole  and  the  information  is  copied  into  the  prospecting 
log  book.  In  the  colxmins  giving  the  sizes  of  the  colors,  in  the  field 
log,  the  lai^est  are  usually  marked  under  No.  1  size,  and  the  smallest 
under  No.  3,  but  this  method  of  grading  the  colors  can,  of  course, 
be  changed  to  suit  any  desired  arrangement.  The  colimms  for 
depth  and  core  indicate  depth  after  pumping  and  the  length  of  the 
core  left  in  the  drill  hole  after  pumping.    These  figures  added  give 

a  Form  used  by  company  Is  8|  by  10|  indiM. 
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the  total  depth  of  pipe,  except  where  an  inrush  of  material  would  cause 
an  excess  of  core,  which  would  be  noted  under  ''remarks.'^ 

In  the  time  log  is  kept  a  record  of  all  work  done  and  of  all  difficul- 
ties and  delays.  The  record  is  useful  for  estimating  the  time  required 
to  prospect  similar  groimd.  For  promotors  and  investors  who  are 
anxious  for  speed  in  prospecting,  a  record  of  this  kind  would  be  an 
education. 

The  prospecting  sheet  or  log  is  also  made  with  perforated  leaves 
and  should  give  a  sununary  of  the  field  and  time  log,  as  well  as  all 
other  necessary  information  pertaining  to  drill  holes  or  shafts. 

SPEED  OF  DBILUNQ. 

No  average  speed  can  be  given  for  test  drilling.  Climatic  and 
other  conditions  vary  greatly  in  different  locahties,  and  an  unfore- 
seen accident  to  the  drill  or  equipment  might  delay  operations  con- 
siderably. Speed  should  be  subservient  to  accuracy  in  prospecting. 
However,  some  idea  of  average  speed  can  be  gained  from  the  time 
required  for  actual  tests.  At  one  place  as  much  as  20  feet  was  drilled 
in  12  hours  in  loose  gravel,  whereas  only  2  feet  was  drilled  in  the  same 
time  in  cemented  gravel.  On  shallow  groimd,  the  frequent  moving 
and  resetting  cause  considerable  delay,  the  amount  depending  on 
the  distances  between  the  holes  and  the  difficulty  in  moving. 

The  speed  of  drilling  generally  decreases  with  depth.  More  time 
is  required  to  raise  and  lower  the  tools,  the  casing  is  driven  more 
slowly  because  of  frictional  resistance,  and  the  casing  is  harder  to 
pull.  Sometimes  it  takes  more  time  to  pull  the  casing  than  to  drill 
the  hole,  and  occasionally  it  is  economical  to  leave  casing  that  does 
not  pull  easily. 

On  one  property,  the  average  depth  drilled,  including  delays 
causedbybad  weather,  moving,  etc.,  over  a  total  period  of  thirty- 
three  10-hour  days,  was  approximately  12.6  feet  per  day.  The  holes 
averaged  24.9  feet  deep,  the  character  of  the  deposit  was  medium  coarse 
gravel,  free  from  clay  and  overlain  by  hydraulic  tailings.  As  the  wages 
of  the  drill  crew  were  $12.25  per  day,  the  labor  cost  was  seemingly  $  1 .01 
p^r  foot  drilled.  In  another  examination  three  70-foot  holes  required 
eigiht  24-hour  days,  including  puUing  pipe,  moving,  etc.,  and  the  cost 
for  labor  was  $1.71  per  foot.  In  one  examination  2,500  feet  of  holes 
was  drilled;  the  total  cost  of  drilling  and  sampling  on  the  property, 
exclusive  of  the  salary  of  the  man  in  charge,  approximated  $1.30  a 
foot. 

COST  OF  DBUiLINO. 

The  following  figures  are  from  drilling  in  a  rather  loose  deposit  of 
sand  and  gravel,  the  bowlders  of  granite  being  easily  broken  by  the 
drill.     Twenty-four  holes  of  an  average  depth  of  23  J  feet,  or  a  total  of 
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558  feet,  were  sunk  in  twenty-six  9-hoiir  shifts,  including  all  delays. 
The  cost  of  work  on  the  property  was  a  little  less  than  SI  a  foot;  but 
as  some  of  the  men  were  brought  from  a  distance  their  wages  and 
expenses  while  traveling  made  the  cost  of  the  examination  slightly 
higher. 

The  drill  crew  consists  of  one  drill  man  or  driU  runner,  one  fireman 
or  helper,  one  waterman  and  team,  and  one  panner.  When  more 
than  one  shift  is  used,  one  waterman  is  usually  able  to  supply  the 
drill  with  fuel  and  water  and  to  help  in  moving  the  drill  and  tools 
from  one  hole  to  another.  The  panner  generally  works  during  the 
daytime  only,  his  place  being  taken  during  the  night  shift  by  a 
watchman,  who  keeps  the  time  log,  while  the  night  runner  takes 
care  of  the  pannings,  placing  the  pans  in  a  tub  in  regular  order,  so 
that  in  the  morning  the  panner  by  reference  to  the  log  can  determine 
just  where  the  pans  belong.  On  some  examinations  where  good 
artificial  light  is  available  and  in  the  far  north  with  the  long  period 
of  daylight  hours,  two  or  three  full  crews  are  employed  and  sampling 
is  continuous. 

The  daily  wages  of  the  drill  crew  are  usually  as  follows: 

Drill  man $4.00  to  $6.00 

Helper 3.00  to   3.50 

Panner  (white) 4 .00  to   7 .00 

l*anner  (Chineee) 2.00  to   3.00 

Waterman  and  team 4.00  to   5.00 

Other  expenses  beside  the  wages  of  the  drill  crew  include  fuel, 
repairs,  maintenance,  and  hire  or  purchase  of  a  drill.  In  the  winter 
months  heavy  rains  increase  the  cost  of  transportation,  making 
moving  difficult,  and  greatly  delaying  work.  A  serious  accident  to 
the  drill  machinery  may  also  delay  the  examination  for  several  days 
and  increase  the  cost  considerably.  In  California  the  cost  of  drilling 
is  generally  considered  to  be  $1.50  to  $2.50  a  foot  under  favorable 
conditions,  and  these  figures  can  be  used  as  approximations  for  other 
fields. 

Too  much  stress  can  not  be  laid  upon  the  care  necessary  to  assure 
the  samples  representing  as  nearly  as  possible  the  value  per  cubic 
yard  of  each  place  drilled.  If  the  work  has  been  properly  done*  in 
every  detail,  an  estimate  of  the  gold  content  of  the  property  can  be 
made  with  some  degree  of  accuracy;  if,  on  the  other  hand,  the  work 
has  been  carelessly  done  by  unreliable  or  inexperienced  men  the 
results  obtained  are  worthless. 

PLACINQ  OF  PBOSPBCT  HOLES. 

It  is  generally  conceded  that  careful  washing  of  the  material 
sampled  will  equal  or  exceed  the  recovery  by  the  gold-saving  tables 
of  the  dredge;  hence,  if  the  work  has  been  properly  done  each  hole 
may  be  taken  as  indicative  of  the  value  of  that  part  of  the  ground  in 
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which  it  is  sunk.  The  placing  of  holes  is  important,  for  even  though 
the  mechanical  details  of  sampling  each  hole  be  most  carefully  don^ 
the  average  values  obtained  may  be  far  from  representing  the  gold 
content  of  an  area  imder  consideration.  Too  many  holes  sunk  in 
the  richer  ground  would  make  the  indicated  average  content  too  high. 

In  preliminary  examinations  (PL  VIII,  B)  and  in  prospecting  large 
areas,  a  few  holes  are  first  sunk  to  determine  the  probable  value  and 
extent  of  the  workable  ground.  The  preliminary  holes  should  indi- 
cate whether  the  gold  occurs  in  wide  or  narrow  channels  or  whether 
its  distribution  is  fairly  even.  A  common  method  in  preliminary 
prospecting  is  to  choose  what  appears  to  be  the  most  promising 
ground — possibly  by  contour  features  or  by  old  workings — and  to 
sink  a  row  of  holes  across  the  channel,  if  one  is  found.  Then  another 
such  spot  is  chosen  and  another  row  of  holes  put  across.  If  the  gold 
content  is  sufficient,  an  intermediate  row  is  sunk;  and  if  the  results 
justify  the  expense  of  a  thorough  examination,  the  ground  is  laid  out 
in  r^^ar  divisions  and  prospected  systematically.  For  careful 
prospecting  the  holes  are  not  drilled  in  squares,  but  are  staggered. 
The  ground  under  examination  is  then  divided  into  sections  or  squares 
and  the  holes  are  proportioned  to  each  section.  Where  sampling  has 
disclosed  the  existence  of  a  channel,  or  narrow  belt  having  a  higher 
mineral  content  than  the  area  as  a  whole,  the  outlines  of  the  channel 
or  belt  should  be  determined  as  closely  as  seems  warranted. 

The  points  for  taking  samples  can  be  determined  only  after  a  study 
of  the  ground.  There  is  no  rule  as  to  the  number  of  holes  to  be  sunk, 
but  ground  that  shows  an  uneven  distribution  of  values  obviously 
demands  more  tests  than  groimds  in  which  the  distribution  is  fairly 
uniform.  Great  economy  of  time  is  possible  when  the  work  is  care- 
fully planned  and  the  sampUng  crew  consists  of  men  well  trained 
and  well  directed.  In  large  tracts,  where  the  time  for  the  examina- 
tion is  limited,  tests  to  confirm  samples  taken  in  preliminary  pros- 
pecting may  be  concentrated  on  an  area  sufficient  to  determine  the 
advisability  of  purchasing  the  property  and  of  installing  at  least  one 

dredge. 

VOLUME  OF  DBZLLIKOS. 

The  quantity  of  material  recovered  per  linear  foot  drilled  varies 
greatly  with  different  material.  In  drilling  compact  gravel,  the  vol- 
ume of  core  will  be  greater  than  where  a  number  of  hard,  coarse 
pebbles  are  encoimtered.  In  drilling  sand  or  fine  gravel  containing 
much  water,  an  excess  of  material  may  be  pumped,  or  if  the  casing  is 
drivMi  too  far  ahead  of  the  drill,  the  pipe  may  become  clogged  and 
too  little  material  be  obtained.  Some  operators  use  a  measiuing  box 
holding  1  cubic  foot,  and  measure  the  material  as  it  goes  to  the  rocker, 
calculating  that  20  cubic  feet  of  material  so  measured  represents  1 
cubic  yard  actually  drilled.    This  factor  was  obtained  from  results 
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of  numerous  experiments  in  one  field  and  can  not  be  applied  as  a 
general  rule.  Other  engineers  have  found  that  generally  the  quantity 
of  material  obtained  exceeded  the  theoretical  quantity  by  a  larger 
margin. 

Assumptions  that  the  expansion  of  gravel  on  being  taken  out  of  the 
hole  is  very  large  are  unwarranted;  the  material  crushed  by  the  drill 
is  poured  from  the  pan  and  laid  down  under  water,  imder  conditions 
closely  .similar  to  those  under  which  it  was  laid  down  originally. 

In  some  fields  the  actual  recovery  of  material  from  some  drill  holes, 
in  compact  gravel,  has  been  95  per  cent  of  the  theoretical  quantity; 
in  running  ground  the  recovery  is  often  in  excess  of  the  theoretical 
quantity  of  core  drilled.  Good  practice  is  to  measure  the  total 
quantity  of  material  pumped  from  each  hole,  and  to  compare  the 
results  from  all  holes  drilled  in  similar  material;  thus,  a  fair  average 
can  be  obtained  and  used  as  a  check.  As  previously  mentioned, 
greater  care  is  necessary  with  material  containing  the  mineral  content 
than  in  barren  ground. 

A  simple  method  of  making  the  measurement  of  the  total  amoimt 
of  material  is  to  dig  at  the  end  of  the  rocker  a  hole  about  3  feet  square, 
and  of  sufficient  depth  to  hold  all  material  from  the  hole  to  be  drilled. 
All  the  tailing  from  the  rocker  may  be  run  into  this  hole  and  allowed 
to  settle ;  the  cubic  contents  can  then  be  determined  and  tabulated. 

In  drilling  dry  grotmd  containing  small  gravel  with  considerable 
sand  the  material  recovered  will  be  closer  to  the  theoretical  quantity 
than  in  drilling  in  other  kinds  of  gravel.  The  theoretical  quantity 
that  should  be  recovered  in  drill  tests  is  represented  by  the  contents 
of  a  cylinder  having  a  base  the  diameter  of  the  cutting  shoe  and  a 
length  equal  to  the  depth  drilled. 

DETBBKINIKa  OOLD  CONTENT  OF  QBOXTND. 

The  area  of  a  circle  the  size  of  the  cutting  shoe  ordinarily  used 
with  the  power  driU  is  about  0.3  square  foot,  so  for  every  linear  foot 
drilled  there  would  be  excavated  0.3  cubic  foot,  or  0.01 1  cubic  yard. 
As  the  cutting  shoe  soon  becomes  worn,  the  figure  used  is  0.01  cubic 
yard,  or  1  cubic  yard  for  each  100  feet  drilled.  Using  this  factor, 
the  method  of  determining  values  is  as  follows: 

FACTORS  USED. 

The  value  of  gold  recovered  from  a  drill  hole  is  determined  in  cents. 
In  a  new  district,  the  fineness  of  the  gold  must  be  first  determined  or 
assumed.  The  value  in  cents  is  divided  by  the  number  of  feet  drilled, 
and  the  result  multiphed  by  100,  which  gives  the  value  per  cubic 
yard.  A  less  simple  method  is  to  use  the  factor  0.27,  multiplying 
the  depth  drilled  by  0.27  and  dividing  the  figure  for  the  value  of  the 
recovered  gold  in  cents  by  th©  product,  the  result  being  th^  valw 
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per  cable  foot.    To  get  the  value  per  cubic  yard  the  result  is  multi* 
pUed  by  27. 

One  operator,  who  concedes  the  correctness  of  the  results  obtained 
by  the  use  of  these  factors  for  calculating  the  results  of  drilling  com- 
pact gravel;  believes  that  different  factors  are  necessary  when  holes 
are  sunk  in  other  material ;  he  uses  the  f oUowing  factors  as  numerous 
tests  have  demonstrated  to  his  own  satisfaction  that  they  are 
correct: 

Faetarsfor  computing  value  ofdriU-hole  maUrial. 

(a)  For  compftct  gravel 0.01 

(6)  For  medium  gravel Oil 

(c)  For  loose  gravel 012 

(d)  For  loose  gravel,  and  sand  with  much  water 013 

In  using  these  f actors,  the  number  of  feet  drilled  is  multiplied  by 
the  factor  selected  and  the  product  is  divided  by  the  value  in  cento 
o{  the  gold  in  the  sample,  the  result  being  the  value  per  cubic  yard. 
The  selection  of  the  correct  factor  is  highly  important,  and  demands 
much  experience. 

If  factor  a  of  the  method  last  mentioned  be  taken,  the  results  of  using 
any  one  of  the  three  methods  will  be  the  same,  as  is  shown  by  making 
a  calculation  for  a  hole  40  feet  deep  that  returns  gold  to  the  value  of 
15  cents. 

First  method : 

(15  -4-  40)  X  100  »  0.375  X  100  »  37.5  cents  per  cubic  yard. 

Second  method: 

15  -4-  (40  X  0.27)  X  27  =  (15  -*■  10.80)  X  27  =»  1.389  X  27  =37.5  cents. 

Third  method: 

15  -•-  (40  X  0.01)  =«  15  -I-  0.40  =  37.5  centa  per  cubic  yard. 

However,  if  the  factor  e  be  used,  the  result  is : 

15  +  (40  X  0.012)  15  -4-  0. 48  »  31.2  cents  per  cubic  yard. 

Some  engineers  in  calculating  the  results  of  sampling  by  drills 
^ploy  a  factor  different  from  the  one  in  general  use.  They  reduce 
the  figure  for  the  gold  content  of  the  place  sampled  to  a  value  that 
,  their  experience  indicates  more  nearly  represents  the  recovery.  This 
practice,  practically  a  combination  of  drill-hole  factor  and  recovery 
estimate,  involves  a  discoimt  from  the  contents  that  would  otherwise 
be  assumed  from  the  regular  drill  factor.  Engineers  following  such 
&  practice  should  mention  it  clearly  in  their  report.  Failure  to  do 
80  might  cause  the  future  of  a  property  to  be  further  discounted  by 
parties  to  whom  the  report  was  presented  if  they  were  not  con- 
versant with  the  methods  of  computation  used. 

One  large  operating  company  uses  the  factor  33 J  instead  of  27  in 
tbese  calculations,  the  formula  for  the  example  mentioned  above 
being: 

15  -^  (40  X  0.333)  X  27  =  15  -•-  13,32  X  27  «  30.6  cents  per  cubic  yard.   ■ 
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As  will  be  seen,  the  use  of  this  factor  discounts  the  gold  content 
assumed  for  the  drill  hole  by  nearly  20  per  cent  as  compared  with  the 
use  of  the  factor  27. 

To  estimate  the  gold  content  of  the  area  examined,  the  value  per 
cubic  yard  as  found  above  is  multiplied  by  the  depth  of  the  hole  in  feet. 
The  first  step  is  to  see  that  no  erratic  values  for  such  holes  are  in- 
cluded in  the  general  average,  as  the  use  of  one  such  high  value 
might  vitiate  the  total  result.  A  rich  sample  indicates  a  rich  spot) 
but  does  not  show  its  extent.    The  general  practice  is  to  reduce 

erratic  values  to  a  value 
'^^^      '        '        '      ^^      '  more   nearly    in    keeping 

with  the  general  average. 
In  this  connection,  Edding- 
field"  says: 

Several  yean  ago  an  engineer 
put  down  9  holes  to  teet  a  ce^ 
tain  tract  of  placer  ground .  One 
hole  showed  almost  21  pesos  per 
cubic  meter  (16  pesos  per  cubic 
yard);  the  other  8  holes  each 
showed  only  1.30  pesos  per  cubic 
meter  (1  peso  per  cubic  yard). 
The  engineer  averaged  the  9  holes 
and  by  doing  so  obtained  a  value 
almost  three  times  as  large  as  it 
would  have  been  had  the  one 
high  value  been  lacking.  The 
error  of  such  a  method  is  ap- 
parent. 

After  the  reduction  of 
any  high  values,  the  sum 
of  the  figures  for  all  holes, 
in  cents  per  foot,  is  divided 
by  the  sum,  in  feet,  of  the 
depths  of  all  holes,  pro- 
vided the  drill  holes  have 
been  equally  spaced  and 
each  represents  practically  the  same  amoimt  of  groimd.  The  main 
difficulty  in  this  calculation  is  to  select  the  area  represented  by  each 
hole.  If  we  assume  that  the  given  property  can  be  divided  into  a 
number  of  squares  of  equal  size  and  a  drill  hole  put  in  the  center  of 
each  square  then  the  areas  represented  by  the  individual  drill  holes 
will  be  of  the  same  size.  This  condition  is  rarely  foimd  in  practice, 
and  the  f oDowing  example  of  an  extreme  condition  is  given  simply  to 
illustrate  the  method  of  calculation  though  in  practice  it  would  be 
imlikely  that  the  holes  would  be  so  inefficiently  placed.     The  calcula- 

a  Eddlngfleld,  F.  T.,  Mine  exploitatiou  and  the  causes  of  some  mine  foUures  in  the  PblUpirines:  Mineral 
Kesources  of  the  Philippine  Islands,  1913,  p.  54, 


— / 


so 
-Jo 


/ 


FiQtTBE  3.^-Diagram  showing  weight  to  be  given  results  from 

different  holes. 
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tions  are  made  to  cover  the  area  inclosed  within  the  heavy  lines 
shown  in  figure  3,  though  the  drill  holes  could  properly  represent  the 
area  covered  by  the  eight  squares. 

Holes  a  and  h  would  represent  the  shaded  squares,  and  holes  1  to  6, 
while  representing  the  same  area  as  a  and  h,  could  be  used  only  with  a 
weight  proportional  to  the  part  of  their  respective  square  that  is 
inclosed  within  the  heavy  lines. 

Data  used  in  calculating  gold  content  of  area  thoum  in  figure  S. 


Hole  No. 

Value  of 
gold  con- 
tent, 
cents  per 
cubic 
yard. 

Depth, 
feet. 

Propor- 
tional 
area. 

Vcdume 
(column 
8zool- 
anin4). 

Total 

foot 

cents. 

1 

S 

t 

4 

6 

• 

1 

80 
30 
60 
50 
40 
42 
50 
50 

20 
30 
40 
20 
30 
30 
20 
20 

0.25 
.50 
.25 

1 

1 

.25 
.50 
.26 

5 
15 
10 
20 
30 

7.60 
10 

7.6 

150 
450 
MX) 
1,000 
1,200 
815 
500 
875 

2 

3 

a 

6 

4 

s; 

6 

Total... 

105.0 

4,590 

4500 

^^—43.7  oenta  per  cobic  yard. 


FiGtrax  4.— Map  showing  arrangement  of  drill-holes  in  a  certain  area.  Solid  circles  show  first  driU 
l*oi«:  open  circles  show  second  series  of  drill  holes;  dotted  Una  shows  area  of  pay  gravel;  dot-and-dash 
Use  dwws  deepest  part  of  deposit 

Figures  4  and  5  represent  prospecting  maps  of  two  different 
areas  of  dredging  ground  and  show  the  method  of  arranging  drill 
holes.  These  areas  were  purchased  and  equipped  as  a  result  of  the 
prospecting  work  indicated  by  the  maps.  The  illustrations  show 
actual  and  not  theoretical  fidd  conditions. 

Sometimes  it  is  advisable  to  disregard  the  results  for  certain  sec- 
tions, perhaps  one  end  of  a  property  under  examination,  the  results 
for  the  remainder  indicating  that  its  size  and  gold  content  warrant 
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development,  whereas,  if  the  results  for  all  the  holes  drilled  were 
averaged,  the  figure  so  reached  might  not  indicate  development  to  be 
warranted.  There  are  instances  in  California  where  dredging  of  part 
of  a  property  would  have  been  profitable,  but  the  necessity  of  having 
to  purchase  a  lai^e  unproductive  acreage  in  order  to  procure  the 
desirable  part  made  the  project  an  unattractive  mining  investment. 

In  estimating  the  value  of  the  gold  contained  in  an  area  to  be 
dredged,  it  is  the  general  custom  to  take  a  percentage,  generally  75 
to  80  per  cent  of  the  total  value  indicated  by  the  prospect  drilling 
as  indicative  of  the  amount  of  the  gold  content  recoverable  by 
dredging.  The  percentages  mentioned  are  based  on  several  tests 
in  the  Oroville  and  other  California  fields. 

The  following  reference  to  the  Pato  property  is  taken  from  the 
report  of  the  Oroville  Dredging  Co.,  dated  September  30,  1911,  to 


FiouBX  6.— llBp  showing  amngeiiMiit  of  drill  holes  in  another  area.  Solid  circles  show  first  series  of 
drill  holes;  shaded  circles  show  second  series  of  drill  holes;  open  circles  show  last  series. 

show  the  prevailing  practice  in  discounting  the  indications  fiimished 
by  prospecting: 

The  original  estimatefl  of  the  engineers  give  ue  an  area  containing  13,637,000  cubic 
yards  of  material  yielding  gross  $3,202,986,  there  having  been  deducted  from  the 
values  recovered  by  prospecting  tests  25  per  cent  for  variations,  possible  losses,  etc. 

It  is,  however,  impossible  to  give  any  fixed  percentage  to  offset 
the  effects  of  various  conditions  of  examination  and  operation. 

The  reUability  of  the  tests  and  the  accuracy  of  the  average  value 
indicated  either  by  drilling  or  by  sinking  shafts'  depend  on  the  care 
taken  in  prospecting,  the  number  of  samples  procured,  the  location  of 
the  holes  in  relation  to  the  deposit,  and  the  experience  and  ability 
of  the  men  in  chaise.  If  these  factors  are  satisfactory,  the  estimate 
of  the  value  of  the  property  should  require  no  discounting  other  than 
to  recognize  that  the  recovery  of  the  dredge  is  always  less  than  the 
gold  content  indicated  by  prospecting  and  that  the  returns  on  the 
investment  should  be  enough  to  compensate  for  any  risks  taken. 
After  the  gold  content  of  the  property  has  been  estimated  it  is  neces- 
sary to  determine  whether  the  returns  over  working  expenses  and 
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amortization  of  capital  invested  will  aUow  sufficient  dividends  to 
make  investment  attractive. 

TYPES  07  HAND  D&UXS. 

The  calculations  outlined  are  based  on  sampling  with  a  Keystone 
or  similar  power  drill.  However,  in  recent  years  the  hand  drill  has 
been  used  extensively  with  great  success,  particularly  in  preliminary 
tests  where  the  lower  first  cost  of  the  hand  drill  and  its  lighter  weight, 
which  permit  transport  by  either  pack  animals  or  men,  are  important 
considerations. 

BHPnUS  DBILL. 

Of  the  hand  drills  in  use  in  the  United  States  and  Alaska,  the 
Empire  drill  (Fl.  XI)  is  tiie  most  widely  used.  Briefly,  the  drill 
consists  of  a  pipe,  a  platform,  the  rotating  and  driving  devices,  and 
the  boring,  drilling,  pimiping,  and  pulling  tools.  The  operation 
is  as  follows: 

The  pipe,  having  a  toothed  cutting  shoe  on  the  bottom  and  a 
platform  on  tiie  top,  is  placed  in  an  erect  position  at  the  spot  where 
the  sample  is  to  be  taken.  Where  practicable,  a  small  auger  the 
size  of  tiie  casing  is  generally  used  to  start  the  hole.  The  material 
removed  by  tiie  auger  is  washed  with  the  rest.  Some  of  the  crew 
steady  the  pipe  and  others  stand  on  the  platform  and  with  a  batter- 
ing ram  drive  the  pipe  into  the  ground  until  it  will  stand  without 
help.  The  rotating  device  is  then  attached  and  a  combination 
drilling  and  pimiping  tool  screwed  to  the  rods  is  used  as  a  chum  drill, 
the  pipe  being  rotated  simultaneously.  While  it  is  thus  kept  loose 
in  the  ground,  it  is  sunk  (1)  by  the  weight  of  the  pipe,  (2)  by  the 
weight  of  tiie  platform  attached  to  the  top  of  the  pipe,  (3)  by  the 
weight  of  tiie  drill  men  who  stand  on  tiie  platform,  (4)  by  the  weight 
of  the  rod  and  tools  that  tiie  drill  men  operate  while  standing  on  the 
platform,  (5)  by  the  jarring  effect  of  the  tool  striking  on  the  bottom 
of  the  hole.  As  the  pipe  sinks  into  the  ground  a  core  accumulates, 
and  the  churning  crushes  this  core  and  forces  it  into  the  pump. 
Despite  the  contention  of  manufacturers,  the  hand  drill  usually 
requires  more  than  rotation  and  weight  to  sink  it  and  driving  with 
a  battering  ram  will  almost  always  be  necessary. 

When  the  pump  is  filled  it  is  removed  from  the  pipe  and  its  con- 
tents are  emptied.  It  is  again  lowered  into  the  pipe  and  the  opera- 
tion repeated.  The  contents  are  washed  and  the  estimated  weight 
and  the  characteristics  of  tiie  gold  are  noted.  These  operations  are 
repeated,  lengths  of  pipe  and  drill  rod  being  added  as  required, 
until  bedrock  is  reached.  The  pipe  is  then  pulled  from  the  hole  by 
leverage,  and  the  apparatus  is  moved  to  another  spot,  and  another 
hole  is  started.    The  drill  acts  like  a  combined  core  drill  and  churn 
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drill,  for  the  toothed  shoe  cuts  a  core  and  the  drilling  and  pumping 
tool  performs  the  work  of  a  chum  drill  as  well  as  of  a  pump. 

Calculations  are  based  on  the  same  plan  as  for  the  power  drill, 
except  that  the  diameter  of  the  pipe  of  the  Empire  drill  is  smaller 
than  that  of  the  power  drill.  The  material  handled  with  the  power 
drill  is  nearly  two  and  one-half  times  the  amount  handled  with  the 
Empire  drill;  that  is,  the  dirt  recovered  during  238  feet  of  drilling 
with  an  Empire  drill  would  represent  1  cubic  yard,  whereas  the 
dirt  from  100  feet  of  drilling  with  a  Keystone  drill  would  approxi- 
mate this  amount. 

Under  favorable  conditions  the  speed  of  the  Empire  drill  exceeds 
that  of  the  Keystone,  and  its  ease  of  transportation  is  at  times  an 
important  feature  (see  PI.  XII).  Where  labor  is  cheap,  especially 
in  some  foreign  countries,  the  cost  of  drilling  with  a  hand  machine 
is  much  less  than  that  with  a  power  drill. 

Hand  drills  of  the  percussion  type  proved  expensive  and  imprac- 
ticable when  used  in  Alaska.  In  examining  shallow  deposits,  6  to 
10  feet  deep,  it  is  at  times  possible  to  improvise,  at  small  expense,  a 
hand-drill  equipment  that  will  give  a  rough  indication  of  the  gold 
content  of  the  ground.  Thus,  a  piece  of  casing  may  be  driven 
directly  to  bedrock,  then  pulled,  and  the  core  may  be  washed.  Need- 
less to  say,  the  sample  obtained  has  not  the  value  of  a  sample  ob- 
tained with  either  of  the  two  drills  mentioned  above. 

KBW  TYPB  OF  LIOHT  POWEB  DBIIiL. 

A  type  of  light  power  drill  (PI.  XIII)  has  recently  been  put  on  the 
market  and  is  favorably  regarded  by  some  operators  and  engineers. 
It  is  a  drill  of  the  percussion  type,  somewhat  similar  to  but  smaller 
than  the  Keystone  drill,  and  is  operated  by  a  small  gasoline  engine. 
It  is  light,  and  when  erected  on  a  property  is  easily  moved  to  a  new 
location. 

DETEBKININ0  PBBIOD  OF  DBBD0IN0  PBOJECT. 

The  life  of  a  dredging  property  can  be  estimated  much  more 
closely  than  can  that  of  a  vein  mine.  Also,  the  ore  in  sight  in 
vein  mining  is  figured  as  a  guaranty  for  the  return  of  only  a  part  of 
the  capital  invested,  whereas  in  gold  dredging  allowance  must  be 
made  for  recovery  of  the  cost  of  the  property  and  the  equipment 
during  the  life  in  sight.  The  dredge  equipment  is  usually  of  suffi- 
cient capacity  to  turn  over  the  groimd  in  7  to  10  years,  as  that 
period  is  generaUy  conceded  to  represent  the  life  of  a  dredge  with  a 
wooden  hidl,  although  a  few  such  hulls  have  lasted  more  than  13 
years  and  are  still  in  use. 

Although  the  rate  of  interest  desired  on  the  investment  varies 
with  the  ideas  of  different  operators,  it  is  generally  conceded  that 
after  allowing  for  amortization  of  capital  the  minimum  profit  to 
be  figured  for  a  dredging  project  is  10  per  cent  per  annum. 


A.    KEVSTONE  TRACTION  QRILL  DESCENDING  A  RIVER  BANK. 


B.    KEYSTONE  NOHTRACTION  DRILL  FOAOING  A  RIVER. 
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From  the  working  results  of  different  size  dredges  over  a  con- 
siderable period,  as  shown  in  the  section  on  working  costs,  the  time 
required  to  work  a  given  area  of  groimd  by  different  size  dredges 
and  the  working  costs  under  average  conditions  in  Caltfornia  can  be 
closely  approximated.  The  following  example  will  indicate  how 
these  figures  can  be  applied. 

An  acre  contains  4,840  square  yards,  so  that  an  acre  11  yards  deep 
would  contain  53,240  cubic  yards,  which,  with  allowance  for  ground 
lost  in  turning  and  for  uneven  bedrock,  can  be  figured  at  50,000  cubic 
yards.  If  an  examination  of  an  area  on  which  dredging  is  projected 
indicates  500  acres  of  workable  ground  1 1  yards  deep,  the  contents 
in  cubic  yards  would  be  estimated  as  25,000,000. 

Under  favorable  conditions  a  boat  having  a  capacity  of  15  cubic 
feet  would  work  out  about  500  acres  11  yards  deep,  or  25,000,000 
cubic  yards  of  gravel  of  moderate  compactness,  in  about  8  years, 
allowing  80  per  cent  working  time,  at  a  total  operating  cost  of  4  to 

5  cents  per  cubic  yard.  To  work  out  this  same  area,  two  7-cubic- 
foot  boats  would  require  10  years,  at  a  cost  of  5  to  7  cents  per  cubic 
yard,  and  three  5-cubic-f oot  boats  would  require  1 1  years,  at  a  cost 
of  5 J  to  Si  cents  per  cubic  yard.  The  cost  given  per  cubic  yard 
indudes  the  total  working  and  administration  charges. 

4 

SBI^BCnON  OF  DBJSDaE  FOB  A  QIVEN  PBOJBCT. 

Decision  as  to  the  most  desirable  size  of  boat  for  a  projected 
dredging  operation  sometimes  requires  considerable  study,  and  here 
again  is  where  the  judgment  of  the  experienced  engineer  is  valuable. 
It  is  safe  to  say  that  the  experience  of  the  Cahfomia  operators  is 
such  that  imder  certain  conditions  the  large  15-foot  boats  would  not 
be  recommended  as  the  most  economical.  Where  compact  and 
cemented  gravel  predominate,  probably  a  9-foot  or  10-foot  boat 
would  now  be  selected  for  such  work,  partly  on  account  of  lower 
first  cost,  but  more  especially  on  account  of  expenses  and  loss  of 
time  for  repairs  with  the  large  boats,  and  the  difl^culty  of  handling 
the  heavy  parts. 

No  hard  and  fast  rule  can  be  prescribed  for  determining  the  best 
size  of  dredge,  and  because  of  the  development  of  the  gold  dredge  to 
its  present  efficiency,  the  question  is  often  raised  as  to  when  the 
maximum  size  for  economic  installation  will  be  reached.  All  de- 
pends upon  operating  conditions.  Under  the  favorable  conditions 
at  Idaho  City,  the  18-foot  bucket  of  the  No.  4  dredge  of  the  Boston 

6  Idaho  Co.  demonstrates  the  economic  efficiency  of  the  large  dredge. 
There  is  no  question  as  to  the  mechanical  possibility  of  buckets  even 
larger  than  those  now  in  use,  as  is  discussed  under  '' Reclamation 
of  dredged  land,"  page  205. 
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In  addition  to  the  gold  to  be  recovered  from  the  gravel,  the  prob- 
able value  of  land  reclaimed  for  agriculture  might,  in  some  regions, 
be  considered  in  estimating  the  total  profit. 

Any  estimate  of  the  working  cost  of  a  dredge  of  this  character  is, 
of  course,  pure  speculation,  but  there  seems  every  reason  to  expect 
that,  under  favorable  conditions,  or  in  redredging  some  previously 
dredged  areas,  a  very  low  operating  cost  would  be  obtained. 

USE  OF  UNUSUAL  TYPE  OF  DBILL  IN  ALASKA. 

Contract  drilling  for  a  placer  examination  is  not  usual,  nor  under 
most  circumstances  is  it  wise.    The  following   description  of  an 
unusual  kind  of  drilling  machine  employed  on  contract  during  an 
examination  on  the  Seward  peninsula  in  1912  is  of  interest.     A  steam 
drill  on  the  property  was  found  unsuitable,  partly  because  of  the  soft 
nature  of  the  tundra  over  which  it  had  to  be  hauled,  and  partly  be- 
cause the  machine  was  an  inferior  type  and  in  poor  repair.     Hand 
drills  of  the  percussion  type  were  tried  but  were  not  successful.     The 
cost  of  drilling,  on  account  of  frozen  ground  and  of  high  wages  (S7  a 
man  daily)  was  excessive,  as  only  a  few  feet  a  day  could  be  drilled. 
The  drill  procured  for  the  work  was  made  by  a  contractor  who  had  had 
considerable  experience  with  drilling  in  frozen  ground.    It  was  in  type 
and  action  similar  to  a  Keystone  drill.    Power  wasf  urnished  by  a  gaso- 
line engine  of  about  25  horsepower.   The  width  of  tread  of  the  machine 
was  16  feet  6  inches;  the  drive  wheels  were  6  feet  wide,  beixig  designed 
for  the  soft  timdra.     The  drill  could  be  driven  ^under  its  own  power 
over  the  tundra  where  in  places  even  walking  was  difficult  and  also 
over  tailing  piles  and  uneven  ground.    The  drill  stem  was  made  of  two 
ordinary  Keystone  stems,  and  a  heavy  6i-inch  bit  was  used;    the 
weight  of  bit  and  stem  was  estimated  at  1,850  pounds.    In  order  to 
obtain  the  services  of  the  contractor,  it  was  necessary  to  enter  into 
an  agreement  for  the  drilling.     Under  different  circumstances,  con- 
siderable risk  might  be  assumed  in  drilling  placer  ground  by  contract, 
but  care  was  taken  to  see  that  the  terms  of  the  contract  were  such 
that  the  operation  was  entirely  under  the  direction  of  the  engineer, 
and  moreover  the  contractor's  references  for  abihty  and  reliability 
were  excellent.    A  minimum  of  linear  drilling  distance  of  2,500  feet 
was  guaranteed,  with  the  right  to  drill  up  to  5,000  feet  additional  if 
desired. 

The  contractor  furnished  the  drilling  machine  and  all  supplies  for 
it  and  agreed  to  take  personal  charge  of  the  drilling  and  to  furnish 
helpers.  He  also  supplied  board  for  his  men  and  made  repairs.  The 
engineer  furnished  pazmers  and  rocker  men  (two  to  each  shift).  In 
addition  either  the  engineer  or  an  assistant  was  in  charge  of  the  work 
dinging  the  entire  time.  The  terms  of  contract  were  80  cents  a  foot 
for  frozen  ground  and  $1.50  for  thawed  ground.  Casing  was  neces- 
sary in  thawed  groimd,  but  not  in  frozen  ground  except  for  one  length 
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of  pipe  at  the  commencement  of  each  hole.  There  was  approxi- 
mately 2y500  feet  of  drilling  done  from  June  28  to  July  29.  One  shift 
was  employed  at  first  until  the  drill,  which  had  been  out  of  commission 
for  some  time,  had  been  put  in  good  running  order.  The  second  shift 
commenced  about  July  3.  Theshifts  were  of  12  hours  each.  Wages 
paid  for  panners  were  50  cents  an  hour  and  board. 

The  rate  of  drilling,  averaging  a  litUe  more  than  40  feet  a  shift,  was 
far  less  than  the  contractor  usually  obtained.  He  stated  that  he 
generally  averaged  100  feet  or  more  a  shift.  The  lowered  rate  was 
caused  by  the  greater  care  insisted  upon  in  drilling,  by  the  time  re- 
quired for  pumping  every  2  feet  in  the  upper  part  of  drill  holes,  and 
every  foot  when  colors  were  encountered  as  compared  with  every  5 
feet  in  all  ground,  the  usual  requirement  there.  A  greater  number 
of  pumpings  for  each  section  were  also  taken  than  was  usual  at 
Nome.  To  test  the  reUabiUty  of  the  pump,  several  customary  tests 
were  made,  such  as  pouring  a  certain  number  of  small  shot  in  the  hole, 
and  obtaining  the  same  number  after  pumping. 

The  action  of  the  drill  was  similar  to  that  of  the  Keystone.  Pump- 
ings were  dumped  into  a  rectangular  zinc  box  and  from  there  washed 
with  fresh  water  to  pans  held  over  galvanized  tubs;  all  dirt  recovered 
from  each  section  was  panned  separately  and  the  number  of  colors 
counted;  afterwards  all  tailing  from  the  panning  was  rocked,  and  any 
gold  recovered  from  rocking  was  added  to  that  from  panning.  The 
rocker  tailings  were  frequently  sampled  to  ascertain  whether  there 
was  any  loss  of  gold.  Ilie  volume  of  dirt  from  each  hole  was  meas- 
ured by  digging  a  hole  3  feet  square  and  1  i  feet  deep,  at  the  end  of  the 
rocker.  The  tailixig  from  the  rocker  was  run  into  this  hole  and 
allowed  to  settle  and  the  cubic  contents  afterwards  determined. 
From  3  to  5  pumpings  were  made  from  each  section.  Sections  were 
taken  every  foot  in  ''lower"  ground,  and  every  2  feet  in  ''upper" 
ground  or  overburden.  The  bit  was  measured  before  and  after  each 
bole  was  drilled  and  an  average  was  taken  in  calculatiog  the  volume 
taken  out.  The  figure  so  obtained  was  checked  by  measuring  the 
dirt  from  the  hole,  and  a  proper  factor  for  calculations  was  ascertained. 
It  was  impossible  to  get  the  best  results  with  one  panner ;  hence  two 
were  used  on  each  shift  and  were  generally  kept  busy. 

It  was  not  easy  to  arrive  at  the  total  cost  of  sampling  on  account 
of  difficulty  in  properly  proportioning  the  time  of  the  men.  Actual 
charges  against  the  drill,  engineering  fees,  etc.,  being  omitted, 
amounted  to  about  91.20  a  foot. 
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After  the  ground  has  been  prospected,  the  selection  of  a  dredge 
best  suited  to  the  work  is  the  next  important  step,  provided  the  results 
of  the  examination  have  been  favorable.  Some  costly  errors  have 
been  made;  in  fact,  in  some  projects  the  selection  of  the  wrong  type 
or  size  of  dredge  has  meant  failure  instead  of  success.  In  general  it 
may  be  said  that  if  the  ground  is  deep,  the  gravel  not  cemented,  and 
the  property  large,  then  the  larger  the  dredge  the  lower  will  be  the 
cost  of  operation.  On  the  other  hand,  if  the  ground  is  shallow,  say, 
30  feet  or  less,  a  large  dredge  is  xmdesirable,  as  the  hull  for  a  large 
dredge  would  have  to  be  10  or  12  feet  deep  and  its  flotation  would 
make  trouble.  For  the  same  reason,  if  the  ground  is  shallow,  the 
grade  of  the  bedrock  is  also  a  factor  in  determining  the  size  of  the 
dredge.  If  the  ground  is  tightly  cemented  the  buckets  should  not 
be  of  the  largest  size  but  should  be  small  and  strongly  built.  Where 
bowlders  are  present  the  large  buckets  make  for  ease  of  handling. 

When  the  groxmd  can  be  dug  without  undue  difficulties,  the  pro- 
duction with  different  sizes  of  buckets  should  be  about  as  follows: 

^      Probable  producHon  votM  varioiu  iiza  of  buckets  in  fairly  loo$e  ground. 

Capacity  of  buckets,  Monthly  prod  octJon. 

ouDioieot.  cubic  yards. 

3 60,000 

5 85,000 

7 120,000 

9 180.000 

16 300,000 

BXJOKBT  LINE  AND  TtJKBLEBS. 

The  bucket  line  and  tumblers  still  present  the  greatest  difficulties 
to  the  designer  and  operator,  and  the  fact  that  on  practically  every 
new  dredge  experiments  are  made  with  new  types  is  evidence  that 
there  is  still  a  wide  difference  of  opinion  as  to  the  best  design.  It  is 
conservative  to  say  that  the  bucket  lines  of  more  than  half  of  the 
dredges  going  into  new  fields  are  failures,  or  at  least  entirely  unsuited 
to  their  work.  And  when  it  is  realized  that  the  bucket  line  of  some 
large  dredges  costs  $50,000  or  more  installed,  the  seriousness  of  such 
failures  becomes  evident.  Many  failures  can  be  traced  to  the  design 
of  the  equipment  which  has  not  been  suited  to  the  ground  to  be 
worked. 
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The  character  and  the  depth  of  the  ground  to  be  dug  as  well  as  the 
size  of  the  gravel  determine  the  shape  and  weight  of  the  bucket.  A 
bucket  well  designed  for  working  in  small  gravel  would  be  unsuited 
for  bowlders  and  vice  versa.  When  much  clay  is  present  still  another 
shape  would  be  more  suitable.  A  bucket  to  handle  bowlders  (PI. 
XIV,  A )  should  be  designed  with  a  low  back  so  that  when  bowlders 
are  picked  up  and  the  bucket  carrying  the  rock  comes  around  the 
lower  tumbler  to  the  horizontal  position  the  bowlder  will  not  crush 
the  back  of  the  preceding  bucket.  Plate  XV  shows  a  dimensioned 
drawing  of  a  16-foot  bucket. 

The  buckets  should  not  be  filled  so  full  that  excessive  spilling  will 
occur.  Some  ground  is  of  such  a  character  that  the  bank  stands  firm 
and  it  is  necessary  to  dig  to  the  top;  in  such  digging  the  bucket  line  is 
almost  in  a  horizontal  position,  and  all  gravel  in  excess  of  the  natural 
repose  of  the  material  will  WBsh  out;  part  of  it  being  lost  over  the  side 
of  the  ladder,  and  the  remainder  being  returned  by  the  ladder  pan 
to  the  front  of  tha  ladder  and  redug,  resulting  in  a  loss  of  efficiency. 
Hence  the  lip  of  the  bucket  should  not  be  much  higher  than  deter- 
mined by  the  natural  angle  of  repose  of  material. 

In  many  fields  the  top  of  the  bank  caves,  so  that  the  ladder  of  the 
dredge  is  always  kept  at  a  considerable  depth.  In  such  digging  the 
tip  of  the  bucket  can  be  higher  than  when  the  bucket  line  is  horizon- 
tal. The  bucket  should  be  as  high  as  the  factors  mentioned  above 
will  permit,  as  of  course  the  higher  the  bucket  the  greater  the  capacity. 
The  present  practice  is  for  the  buckets  to  have  two  front  eyes  and 
one  rear  eye  (PI.  XVI,  A).  The  so-called  "three-eye  buckets"  with 
three  eyes  in  front  and  two  behind  have  been  discontinued,  as  the 
lugs  broke  readily  and  the  pins  were  taken  out  with  difficulty.  They 
were  more  expensive  to  manufacture  and  it  was  necessary  to  design 
the  inside  of  the  buckets  with  pockets  which  interfered  with  the  dump- 
ing of  the  material.  The  idea  underlying  the  design  of  these  buckets 
was  that  owing  to  the  three  supports  the  pins  would  not  break  so 
readily. 

The  width  of  the  bottom  of  the  bucket  should  vary  directly  with 
the  length  of  the  bucket  line  to  be  used,  and  also  with  the  hardness 
of  the  material  to  be  dug  (PI.  XIV,  J?).  It  is  also  necessary  to  have 
sufficient  bearing  area  so  there  will  not  be  excessive  wear  where  the 
bucket  seats  on  the  upper  tumbler.  In  order  to  increase  this  bearing 
surface  the  "square  bottom"  bucket  is  now  being  largely  used.  This 
type  has  several  other  advantages.  The  wear  on  the  bucket  where 
it  bears  on  the  lower  tumbler  is  reduced,  as  is  also  the  wear  on  the 
ladder  rollers.  The  wear  on  the  flanges  of  the  lower  tumbler  and  the 
side  plates  on  the  upper  tumbler  is  neghgible,  whereas  with  the  old 
buckets  considerable  trouble  was  experienced  at  these  points.  Plate 
XVI,  B,  shows  the  eye  of  a  bucket  elongated  by  wear. 
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If  the  material  to  be  dredged  is  clayey  the  bucket  should  be  n^de 
and  short  to  facilitate  dumping.  The  buckets  on  the  early  dredges 
were  long  and  narrow  and  when  any  sticky  material  was  encountered 
it  would  not  be  discharged.  This  trouble  was  increased  on  headline 
dredges  in  early  days,  as  the  clay  was  dug  in  a  mass.  The  present 
practice  in  handling  clay  is  to  swing  the  dredge  by  means  of  spuds 
and  to  dig  lightly  so  that  the  material  enters  the  bucket  in  compar- 
atively thin  shoes. 

The  original  Califomia  type  of  bucket  consisted  of  three  parts — 
the  bottom,  the  hood,  and  the  lip  (PI.  XVII).    The  bottom  vraa 
always  cast,  either  of  special  carbon,  manganese,  or  nickel-chrome 
steel.    The  hood  was  pressed  or  cast  steel,  and  the  lip  was  manga- 
nese steel.    This  design  necessitated  a  large  number  of  rivets  which 
frequently  became  loose  and  caused  trouble.     During  the  past  10 
years  the  art  of  making  steel  castings  has  been  so  developed  that  it 
is  possible  to  jcast  the  hood  and  bottom  in  one  piece  (PL  XVIII,  A), 
which  does  away  with  leakage  and  is  cheaper  u^  first  cost.    With 
this  type  it  is  more  difficult  to  cast  the  Ups  to  make  an  accurate  fit  on 
the  cast  hood,  but  experience  is  remedying  this  drawback.     It  is 
important  to  have  the  lip  fit  snugly  to  the  hood,  so  that  the  lip  will 
not  have  to  be  drawn  in  with  bolts  before  being  riveted,  as  the  spring 
of  the  hp  will  put  an  initial  strain  on  the  rivets  that  will  ultimately 
cause  them  to  become  loose.    It  is  generally  better  to  have  a  few 
large  rivets  than  a  greater  number  of  small  ones.    On  16*cubic-foot 
buckets  l}-inch  rivets  are  not  too  large  and  7-foot  buckets  should 
have  li-inch  rivets.    Tendency  of  the  rivets  to  shear  should  be 
obviated  by  having  the  lip  butt  against  a  lug  on  the  bucket. 

A  common  error  in  bucket  design  is  making  the  arch  of  the  Up  too 
flat.    This  fault  frequently  leads  to  crushing  of  the  lip. 

When  the  hood  and  the  bottom  are  cast  together  they  are  usually 
made  of  manganese  or  nickel-chrome  steel.  When  made  of  nickel- 
chrome  steel  a  manganese-steel  insert  plate  (PL  XVI,  O),  is  peened 
into  the  bottom  of  the  bucket  where  the  wear  comes  on  the  upper 
tumbler.  Care  should  be  taken  that  this  insert  is  set  ahead  far 
enough  so  that  the  comer  in  the  recess  that  takes  the  insert  plate 
will  not  come  hear  the  comer  of  the  bushing  seat  as  a  crack  is  likely 
to  occur  between  these  points.  A  large  proportion  of  buckets  that 
fail  break  at  the  back  eye  whether  they  have  insert  plates  or  not, 
but  the  plate  is  an  additional  source  of  trouble.  Plate  XVIII,  B, 
shows  a  2-cubic  yard  bucket  used  on  a  Panama  Canal  dredge,  and 
Plate  XIX,  A,  shows  a  6-foot  bucket  used  on  the  Guamos  dredge  in 
the  Philippine  Islands. 

PINS. 

The  diameter  of  the  bucket  pins  should  not  be  limited  to  the  size 
necessary  to  withstand  calculated  breaking  strains,  for  wear  of  the 
pins  has  been  found  to  be  the  determining  factor.    It  is  true  that 
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pins  often  break  in  service,  but  most  breakage  is  due  to  inefficient 
heat  treatment  and  not  to  small  diameter.  The  chief  cause  of  bucket- 
line  trouble  is  the  elongation  of  the  piteh  of  the  buckets  and  the 
decrease  of  the  effective  piteh  of  the  tumblers  owing  to  wear.  Not 
only  does  a  pin  wear  but  it  wears  the  bucket  eyes  and  the  bushings. 
Hence  the  lai^er  the  pin  the  longer  will  be  the  life  of  the  bucket.  In 
the  standard  type  of  bucket  the  front  eyes  are  not  designed  with  the 
idea  of  having  the  pins  turn  in  them  but  the  pins  are  held  against 
tumisg  by  lugs.  A  bushing  is  placed  in  the  back  eye  to  take  the 
wear  when  the  bucket  turns  on  the  pin.  The  half  bushing  is  in  most 
general  use  but  some  circular  bushings  are  employed  (see  Pi.  XIV| 
(7,  p.  54). 

The  lugs  on  the  pins  should  be  long  and  thick  and  fit  snugly  in  the 
lug  seats;  otherwise  the  play  resulting  from  looseness  will  soon 
cause  the  front  eye  of  the  bucket  to  wear  rapidly.  Pius  are  usually 
made  of  forged  and  tempered  nickel-chrome  steel,  although  manga- 
nese pins,  machine  groimd,  are  being  used  with  success.  Several 
methods  have  been  used  to  hold  the  pin  in  position  but  lugs  only 
have  proved  successful. 

Another  type  of  bucket  used  on  two  or  three  dredges  in  California 
is  designed  so  that  the  two  front  eyes  have  a  combined  length  equal 
to  the  back  eye.  The  pin  is  a  straight  piece  of  shafting  free  to  turn 
in  either  the  back  or  the  front  eye.  Both  the  front  eyes  and  the  back 
eyes  of  this  bucket  have  circular  bushings. 

liOWEB  TUHBLEB. 

The  round  lower  tumbler  (Pis.  XIX,  B,  and  XX,  A)  is  the  greatest 
improvement  made  in  gold  dredges  in  recent  yeais,  and  as  it  is  or 
will  be  universally  used  none  of  the  other  various  types  is  here 
discussed.  Most  of  the  round  tumblers  at  present  are  of  manganese 
steel  made  in  one  piece.  Some  manufacturers  make  them  of  chrome- 
nickel  steel  owing  to  difficulty  of  producing  a  soimd  casting  of  this 
size  and  shape  in  manganese.  Other  companies  make  the  tumbler 
in  halves  of  chrome-nickel  steel  and  use  manganese  wearing  plates. 
The  pressure  used  in  setting  in  the  shafts  is  about  125  to  175  tons, 
and  it  is  not  necessary  to  key  the  shaft  in  a  roimd  tumbler. 

The  following  advantages  apply  to  the  roimd  tumbler.  With  the 
hexagonal  type  (PI.  XIX,  C),  the  difference  in  piteh  of  the  bucket  and 
tumbler  is  noticeable  a  short  time  after  the  bucket  line  is  sterted 
and  continues  to  increase  imtil  there  is  a  difference  of  several  inches. 
As  the  buckets  ride  around  the  lower  tumbler,  the  slack  caused  by 
the  difference  in  piteh  accumulates  for  three  or  four  buckets  until 
the  tension  in  the  bucket  line  becomes  great  enough  to  cause  the 
buckets  to  slide  on  the  tumbler,  and  this  shpping  causes  the  wear 
on  the  tread  and  flanges  of  the  tiunbler.  With  a  round  tumbler  such 
slipping  is  entirely  eliminated.    When  the  first  experiments  were 
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made  with  the  round  tumbler  it  was  expected  to  prove  harder  on 
the  buckets  and  to  cause  them  to  break  through  the  middle,  as  the 
buckets  used  in  the  experiments  were  worn  and  not  designed  espe- 
cially for  a  round  tumbler.  It  was  also  thought  that  a  rounded 
surface  would  be  worn  on  the  bottom  of  the  bucket  where  it  had  its 
seat  on  the  tumbler,  but  such  wear  did  not  occur. 

Round  tumblers  should  be  of  such  diameter  as  to  obviate  tmdue 
wear  by  the  buckets.  It  is  generally  the  custom  to  make  the  pitch 
of  the  tumbler  a  little  greater  than  six  times  the  pitch  of  the  bucket. 
Thus,  each  successive  bucket  seats  at  a  place  different  from  that  at 
which  any  preceding  bucket  has  seated,  causing  the  wear  to  be 
equally  distributed  all  aroimd  the  tumbler.  Clearly,  the  efficiency 
of  the  roimd  tumbler  is  not  impaired  by  the  elongation  of  the  bucket 
pitch. 

Tumbler  shafts  should  be  made  enough  larger  than  the  bore  of  the 
tumblers  to  insure  a  tight  fit.  The  oversize  should  vary  from  1/1000 
of  an  inch  for  each  inch  of  diameter  for  shafts  up  to  6  inches  in 
diameter  to  1/2000  per  inch  of  diameter  for  shafts  15  inches  in 
diameter. 

The  shaft  should  be  bored  so  that  rods  can  be  placed  to  hold  the 
ladder  from  spreading.  One  method  is  to  forge  thrust  collars  on  the 
end  of  the  rod.  If  the  ladder  should  spread  when  these  are  taken 
out  the  rods  can  be  heated  and  put  in  place  hot  and  the  shrinkage 
will  bring  the  ladder  to  the  original  position.  Sometimes  the  tum- 
bler shaft  is  turned  so  that  collars  are  formed  on  the  ends,  and  several 
other  methods  are  used  to  keep  the  ladder  from  spreading  (see 
PL  XX,  A,  PI.  XX,  B,  and  PI.  XXI). 

There  is  still  a  difference  of  opmion  regarding  the  most  desirable 
type  of  lower  tumbler  bearing.  Cast-iron  bushings  are  generally 
used,  but  some  companies  prefer  babbitt.  Babbitt  bearings  do  not 
wear  so  long,  but  they  do  not  break  as  the  cast  bushings  sometimes 
do,  causing  much  damage  to  the  shaft:  However,  opinion  seems 
general  that  cast  iron  is  preferable  as  the  shaft  wears  more  evenly. 
When  a  new  bushing  is  to  be  installed  the  shaft  is  measured  and  the 
new  bushing  bored  to  suit  the  worn  shaft.  It  is  good  practice  to 
shrink  nickel-chrome  wearing  sleeves  on  the  shaft,  as  they  wear  at 
about  the  same  rate  as  the  bushings,  and  the  sleeves  and  bushings 
can  be  renewed  together. 

Another  type  of  lower-tumbler  bearings  worked  out  in  the  Ruby 
district  has  proved  successful  and  is  m  general  use  there.  The 
main  steel  bearing  for  the  lower-tumbler  shaft  is  fastened  to  the  end 
of  the  ladder  with  two  large  bolts.  The  bearing  is  lined  with  a 
circular  iron  bushing  to  take  the  wear.  On  the  outside  end  of  the 
bearing  a  large  steel  cap  is  bolted  with  packing  between  the  cap 
and  the  beariug;  on  the  inside  next  to  the  tumbler  a  steel  ring  with 
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the  smaller  diameter  a  trifle  larger  than  the  shaft  is  held  by  stud 
bolts  in  the  end  of  the  bearing  casting.  The  smaller  diameter  of  the 
ring  is  beveled  to  take  square  flax  packing,  which  is  compressed 
against  the  cast-iron  bushing  in  the  bearing  and  the  shaft  by  tighten- 
ing up  the  stud  bolts.  The  cap  on  the  outside  of  the  bearing  is  large 
enough  to  allow  a  large  steel  collar,  pinned  on  the  end  of  the  tumbler 
shaft,  to  turn.  This  collar  has  a  bearing  against  the  outer  end  face 
of  the  bearing  to  take  the  side  thrust  in  digging.  Grease  is  forced 
into  the  ^ace  surrounding  the  thrust  collar  inside  of  the  cap  to  give 
perfect  lubrication  to  all  wearing  parts.  The  ladder  roUer  bearings 
are  essentially  the  same  as  those  for  the  lower  tumbler  shaft.  Each 
bearing  consists  of  two  castings:  First,  a  base  bolted  to  the  top  of 
the  ladder;  second,  the  bearing  proper  fastened  to  the  base  by  means 
of  a  horizontal  pin  to  give  •'ortical  play  to  the  bearing  if  the  roller 
*  gets  out  of  alignment.  The  bearing  proper  has  only  one  end  opening, 
through  which  the  roller  shaft  projects,  and  after  the  shaft  i&  in 
place  a  ring,  similar  to  the  one  on  the  lower  tumbler  bearing  carrying 
flax  packing,  is  drawn  up  against  the  face  of  the  bearing  by  stud 
bolts.  The  outer  end  of  the  bearing  is  part  of  the  casting  and  has 
a  brass  plate  fastened  to  the  inside  to  take  any  end  thrust  from  the 
roller.  The  bearing  bushing  is  a  half-circular  brass  casting  set  into 
a  recess  in  the  bearing  casting  to  prevent  turning. 

T7PPEB  TUHBLBR. 

As  yet  no  type  of  upper  tumbler  has  been  designed  that  will  take 
care  of  the  increase  in  pitch  of  buckets.  The  most  satisfactory 
device  yet  tried  is  to  have  easily  removable  wearing  plates  made  of 
different  thickness  and  to  build  up  the  tumbler  as  the  pitch  in- 
creases. Formerly  the  general  practice  was  to  use  a  plain  hexagonal 
tumbler  body  and  to  have  six  cushion  plates  that  covered  the  entire 
face  of  the  tumbler.  The  cushion  plates  included  the  flanges  or  side 
lugs,  as  well  as  the  heel.  Later  practice  was  to  use  an  additional 
wearing  plate  on  the  surface  of  the  cushion  plate  that  did  the  driving 
(see  Fl.  XXI).  This  was  called  the  heel  plate  and  it  is  this  plate 
that  is  made  in  a  series  of  thicknesses.  Where  long  heavy  bucket 
lines  are  necessary,  the  heel  plates  under  some  conditions  will  wear 
out  in  three  or  four  weeks  and  the  cushion  plate  in  about  six  months. 
The  cushion-plate  type  of  upper  tumbler  is  being  eUminated,  as  the 
upkeep  is  too  high,  tumblers  are  being  designed  to  take  only  flat 
wearing  plates. 

It  seems  impossible  to  get  away  from  wearing  plates  on  upper 
tumblers,  and  the  consequent  shutdowns  from  loose  bolts,  etc., 
because  of  necessity  the  wear  is  confined  to  one  area.  In  those  fields 
where  the  service  is  not  severe  the  problem  is  not  so  difficult.  The 
wearing  plate  covering  each  face  of  the  tumbler  should  be  in  one 
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piece,  for  when  a  plate  is  in  several  pieces  (PI.  XXII,  A)  the  pieces 
work  loose  and  the  tumbler  face  is  worn  imeyenly. 

Seyeral  of  the  larger  California  operators  have  recently  adopted 
the  '^ one-piece"  upper  tumbler  (PL  XXII,  B),  which  consists  of  the 
shaft,  tumbler  body,  and  cushion  plates,  cast  in  one  piece  of  some 
special  steel.  Wearing  plates  are  separate  and  are  of  large  propor- 
tions so  that  the  metal  under  them  will  retain  a  plane  surface.  The 
advantage  of  having  the  shaft  cast  with  the  tumbler  is  that  greater 
strength  is  obtained  with  equal  weight  and  trouble  from  Idose  shafts 
is  eUminated.  Shrinking  the  tumbler  on  the  shaft  and  setting  a  ring 
around  in  a  groove,  as  generally  practiced,  will  hold  the  tumbler 
tight  but  weakens  the  shaft;  hence  the  groove  should  not  be  cut 
as  tlie  shaft  starts  to  crack  at  this  groove.  An  added  element 
of  strength  in  the  one-piece  shaft  and  tumbler  is  that  the  ribs  in  the 
tumbler  body  can  be  extended  out  on  the  shaft  where  the  bending 
moment  is  greatest  and  thus  be  made  to  strengthen  the  shaft  where  it 
is  weakest.  When  a  shaft  is  not  cast  with  the  tumbler,  the  tumbler 
should  be  heated  and  shrunk  on  and  not  pressed  on.  The  relation 
between  bore  of  tumbler  and  diameter  of  shaft  should  be  tSie  same 
as  for  the  lower  tumbler,  as  mentioned  previously. 

The  increase  in  the  number  of  sides  of  the  upper  tumbler  has  not 
kept  pace  with  the  increase  in  size  of  the  dredges.  The  original 
dredges  in  this  country  followed  the  practice  of  those  in  New  Zealand 
and  used  the  4-sided  tumblers.  The  number  was  increased  to  5 
and  then  to  6  and  has  so  remained  for  all  sizes.  For  the  16-cubic- 
foot  dredges  there  seems  to  be  no  reason  why  8  sides  would  not  be 
much  superior  and  this  type  will  no  doubt  be  adopted  in  the  futtire 
for  dredges  digging  in  ground  that  can  be  worked  without  undue 
difficulty.  Plate  XXIII,  At  ^ows  a  method  of  transporting  large 
tumblers. 

,  MAIN  DRIVE. 

The  designing  of  gears  (PI.  XXIV)  to  drive  the  bucket  lines  of 
the  smaller  dredges — ^¥rtth  capacities  up  to  7  cubic  feet — ^was  rela- 
tively simple;  the  gears  were  made  with  a  sufficiently  large  factor  of 
safety,  so  that  most  gears  wore  as  long  as  the  dredges,  but  it  was 
necessary  to  replace  the  pinions  at  intervals  of  two  or  three  years. 
The  ''bull  gears"  were  usually  10  to  12  feet  in  diameter,  and  the  face 
about  8  to  10  inches  wide,  and  the  pitch  about  2^  to  3  inches.  The 
gears  should  be  so  proportioned  that  the  bucket  line  will  travel  about 
50  linear  feet  a  minute. 

During  the  year  1916  three  16-foot  dredges  were  designed  by 
different  CaHfomia  companies,  each  one  handling  the  problem  in  a 
different  way.  Two  of  the  companies  kept  to  the  same  general 
dimensions  as  before,  the  bull  gears  being  12  feet  in  diameter  and 
the  face  12  inches,  but  instead  of  using  the  ordinary  carbon  steel  for 
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the  boll-wheel  rims,  one  compaay  cast  them  of  chrome-nickel  and 
the  other  company  made  them  of  manganese  steel.  Use  of  these 
steels  not  only  increases  greatly  the  resistance  of  the  teeth  to  wear 
but  insures  against  breakage.  A  12-foot  gear  is  as  large  as  can  be 
shipped  by  freight  (PL  XXIII,  B)  if  cast  in  one  piece,  a  considera- 
tion that  no  doubt  accounts  for  retention  of  that  diameter.  The 
third  company  increased  the  diameter  to  14  feet  with  a  wider  face 
and  cut  teeth,  but  cast  the  wheel  in  halves  which  could  be  con- 
veniently shipped.    The  material  used  was  carbon  steel. 

The  pinions  are  made  of  the  same  material  as  the  gears  they  drive. 
Each  of  these  three  designs  will  no  doubt  solve  the  problem  of  rapid 
wear,  but  only  actual  service  will  determine  which  is  best. 

The  intermediate  gears  for  heavy  service  should  be  made  of  chrome 
nickel  and  have  cut  teeth.  One  of  the  most  recent  dredges  is  using 
cut  gears  of  the  herring-bone  type  (PI.  XXIII,  C),  which  gives  a  more 
even  running  gear  and  does  away  with  much  of  the  noise.  With 
this  type  it  is  essential  that  the  shafts  be  kept  in  perfect  alignment 
and  that  provision  be  made  against  end  thrust.  On  dredges  with 
wooden  hulls  these  requirements  can  not  be  met,  but  should  be 
easily  met  on  dredges  with  rigidly  built  steel  hulls. 

On  the  early  small-size  dredges  the  txmibler  was  driven  by  one  bull- 
wheel  gear,  but  the  torsional  strain  set  up  in  the  ttmibler  shaft 
caused  the  shaft  to  break.  At  present  practically  all  dredges  have  a 
gear  on  each  end  with  two  trains  of  gears  driving  through  the  inter- 
mediate shaft  from  the  pulley  shaft.  The  most  difficult  problem  con- 
nected with  the  main  drive  is  to  get  an  equal  pressure  on  each  of  these 
sets  of  gears.  It  is  necessary  to  make  arrangements  so  that  adjust- 
ments can  be  made  to  meet  the  more  rapid  wear  of  some  of  the 
gears.  On  most  of  the  dredges  this  adjustment  is  made  possible  by 
having  the  pulley  shaft  in  two  parts  connected  with  a  coupling.  A 
device  consisting  of  an  equalizer  or  differential  mounted  on  the 
pulley  shaft  now  takes  care  of  this  adjustment  automatically. 

Another  comparatively  recent  improvement  is  to  have  two  short 
shafts  instead  of  having  the  intermediate  shaft  take  both  gears. 
An  advantage  of  this  arrangement  is  that  the  hopper  may  be  made 
lai^er  where  it  goes  between  the  shafts;  formerly  it  was  limited  to  a 
size  such  that  it  would  not  interfere  with  the  intermediate  shaft. 

As  mentioned  in  the  chapter  on  electrical  equipment,  opinions 
differ  as  to  advisabiUty  of  driving  by  a  direct-connected  motor  or 
by  a  belt,  but  obviously  it  is  essential  to  provide  a  drive  of  some  kind 
that  will  shp  when  necessary,  and  a  belt  seems  the  simplest  means  of 
accomplishing  this  end. 

WINCHES. 

Winches  are  used  to  raise  the  ladder,  drive  the  bucket  line,  swing 
the  dredge,  raise  the  spuds  and  stacker,  and  for  repair  work.  Dif- 
ferent combinations  are  used,  but  the  most  general  arrangement  is 
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to  use  a  winch  called  the  ladder-hoist  winch  for  hoisting  the  ladder 
and  driving  the  buckets.  The  swing  winch  contains  the  bow  and 
stem  swing  drums,  the  spud  hoist,  the  spare  drums  for  wrecking 
and  repairing,  and  also  the  head-line  drum,  if  one  is  used.  The 
stacker  hoist  is  usually  placed  separately  at  the  rear  of  the  dredge 
on  the  upper  deck,  as  this  arrangement  does  away  with  a  number  of 
sheaves.  Levers  used  in  operating  winches  are  shown  in  Plate  XXV. 
Plate  XXVI  shows  a  dimensioned  drawing  of  the  starboard  winch 
operating  lever  for  a  9-foot  dredge,  and  Plate  XXVII  shows  the 
general  arrangement  of  winch  equipment  on  a  9-foot  dredge. 

LADDER-HOIST  WINCH. 

Some  dredges  have  a  separate  winch  for  raising  the  ladder,  the 
bucket-drive  motor  being  placed  at  the  main  drive.  Doubtless  there 
are  many  advantages  in  having  the  winch  for  raising  and  lowering 
the  ladder  driven  by  its  own  motor  and  operated  by  a  controller  in 
the  winch  room,  especially  when  the  bedrock  is  imeven  or  where  it  is 
desirable  to  drop  the  ladder  at  certain  parts  of  the  cut,  which  is  nec- 
essary in  practically  all  dredging.  If  there  is  no  separate  winch 
for  this  it  is  necessary  to  raise  and  lower  the  ladder  by  means  of  levers, 
and  the  winch  man  may  neglect  to  work  the  ground  to  the  best 
advantage.  The  winch  man  should  be  able  to  operate  the  ladder 
and  run  the  buckets  independently  of  each  other,  and  sometimes  run 
the  buckets  while  the  ladder  is  being  raised.  Plate  XXVIII  shows 
a  dimensioned  drawing  of  the  general  arrangement  of  ladder-hoist 
winch  equipment  for  a  9-foot  dredge. 

If  the  same  motor  is  used  to  drive  the  bucket  line  and  raise  the 
ladder  it  must  be  large  enough  to  perform  both  operations  at  the 
same  time.  When  the  bucket  line  only  is  being  driven,  the  motor  is 
not  running  economically,  the  load  being  much  below  its  normal 
capacity. 

Another  advantage  of  the  separate  hoisting  winch  (PL  XXIX,  A) 
is  that  there  is  no  danger  of  dropping  the  ladder,  a  danger  always 
present  with  the  other  type  as  the  separate  winch  is  so  constructed 
that  the  motor  must  be  run  while  lowering  as  well  as  while  raising. 
The  ladder  is  also  lowered  more  evenly  than  with  brakes. 

When  the  ladder  hoist  and  the  bucket  drive  are  combined,  the  brake 
bands  should  be  placed  directly  on  the  drum;  otherwise  the  chance 
of  dropping  the  ladder  is  increased.  The  brakes  should  be  powerful 
and  they  should  be  of  the  double-action  type;  that  is,  the  tension 
from  the  hand  lever  should  be  thrown  on  the  band  on  one  side  of  the 
drum,  which  in  turn  should  throw  the  increased  tension  on  the  other 
band. 

All  revolving  parts  of  the  clutches  should  be  built  of  cast  steel. 
If  made  of  cast  iron  and  the  ladder  should  drop  faster  than  desired, 


N 


m 


iOt 


N    A   9-P 


DETAILS  OF  CONSTRUCTION  OF  GOLD  DB£DOES.  63 

the  clutches  would  revolve  at  a  terrific  speed  and  fly  into  pieces 
owing  to  the  centrifugal  force.  This  accident  has  happened  on  a 
number  of  dredges  and  should  be  guarded  against.  The  teeth  of 
high-speed  gears  should  be  cut.  The  drums  should  not  be  grooved^ 
as  it  is  not  practical  to  make  the  drum  sufficiently  large  to  take  all 
of  the  hoisting  rope  in  one  layer.  Therefore,  as  there  are  several 
wrappings  of  rope,  the  lead  should  be  arranged  so  that  the  wrap- 
pings of  the  line  will  be  close  together  with  no  space  between;  other- 
wise wedging  of  one  coil  in  an  open  space  may  hold  the  rope  briefly 
and  cause  the  ladder  to  go  down  in  short  jumps,  endangering  the 
dredge. 

Several  serious  accidents  to  the  ladder  have  been  caused  by  the 
breaking  of  the  rods  leading  to  the  brakes.  These  rods  are  as  a 
rule  made  of  2-inch  pipe,  the  different  lengths  being  fastened  together 
with  standard  couplings.  The  pipes  being  thin,  break  at  the  threads, 
owing  to  the  strain  and  the  vibration  of  the  dredge.  The  pipes 
should  therefore  be  extra  heavy  and  fastened  together  with  special 
couplings. 

Maple  blocks  are  generally  used  in  the  friction  clutches.  These 
wear  out  in  a  comparatively  short  time,  and  some  experiments  have 
been  made  with  asbestos  blocks.  The  latter  are  made  in  an  iron 
mold  imder  great  pressure.  Small  copper  wires  are  run  through  the 
blocks  to  bind  the  asbestos  together.  The  coefficient  of  friction  of 
these  blocks  is  higher  than  that  of  the  wood  blocks,  they  wear  longer, 
and  the  first  cost  is  not  great,  but  the  objection  to  them  is  they  wear 
out  the  steel  siurface  against  which  they  rub. 

SWING  WINCH. 

The  swing  winch  (PI.  XXIX,  B)  should  be  of  the  eight-drum  type 
with  two  drums  on  each  shaft  and  a  bearing  at  the  center  of  each 
shaft  as  well  as  at  each  end.  It  has  been  the  custom  to  have  one 
drum  at  the  front  end  of  the  winch  for  the  spare  drum,  but  it  has 
been  found  that  a  great  saving  of  time  has  been  effected  in  repairing 
wrecks  if  two  spare  drums  are  available.  If  there  are  not  two  spare 
drums  it  is  necessary  to  use  one  of  the  swing  dnuns  and  to  take  the 
rope  from  that  drum  and  to  wind  on  another.  The  time  saved  in 
one  use  of  the  spare  drum  more  than  offsets  the  extra  cost.  Another 
advantage  of  having  two  drums  for  spares  is  that  in  case  of  trouble  with 
one  of  the  other  drums  it  can  be  taken  out  for  repairs  and  one  of  the 
spares  substituted  without  a  serious  shutdown  of  the  dredge.  For 
this  reason  all  shafts  with  the  drums  and  clutches  should  be  inter- 
changeable. Some  of  the  shafts  are  subjected  to  much  heavier 
strains  than  others  because  of  the  duty  they  perform,  and  it  is  often 
the  practice  to  make  some  of  the  winch  shafts  lighter  than  others, 
but  this  practice  is  not  considered  good. 
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The  spare  drums  should  be  placed  at  the  bow  end  of  the  winch,  the 
bow-swing  lines  next,  then  the  spud  hoist,  and  the  stem-swing  line 
drum  at  the  stem  end.  The  spud  shaft  should  be  arranged  so  that  it 
will  not  revolve  imless  the  spuds  are  being  lowered  or  raised^  as  there 
is  a  constant  tension  on  the  drums  causing  the  bushings  to  wear  unnec- 
essarily if  the  shaft  revolves  continuously.  It  is  also  desirable,  but  not 
so  important,  to  arrange  the  spare  drums  in  the  same  manner.  The 
winch  for  a  large  dredge  recently  built  was  designed  so  that  the  bow 
drums  and  gear  could  be  driven  separately,  the  other  gears  remaining 
stationary  except  when  desired.  The  arrangement  proved  satis- 
factory. 

As  the  swing  winch  is  usually  placed  on  the  starboard  side  of  the  boat, 
the  port  bow  line  must  be  run  to  the  opposite  side  of  the  dredge.  This 
is  done  either  by  leading  the  line  to  the  stem  and  across  the  dredge 
amidships  and  then  to  the  bow,  or  by  bringing  it  forward  and  across 
the  dredge  through  a  sheave  hung  on  the  bow  gantry.'  The  latter 
arrangement  is  preferable,  as  the  rope  does  not  have  to  run  around 
so  many  sheaves.  If  the  first  method  is  used,  a  very  small  sheave 
must  be  used  to  deflect  the  rope  parallel  to  the  deck,  owing  to  the 
small  amoimt  of  room  under  the  winch;  but  when  the  rope  is  taken 
forward  this  deflecting  sheave  can  be  made  as  large  as  desired,  as  it  is 
out  in  the  clear.  In  taking  the  rope  over  the  bow  gantry  a  large 
sheave  should  be  suspended  at  the  center  of  the  gantry.  Tlie  size  of 
the  sheaves  is  of  much  more  importance  than  is  usually  considered; 
it  is  discussed  on  another  page  imder  the  subject  of  wire  rope. 

Most  swing  winches  are  constructed  so  that  either  of  two  speeds  can 
be  used  for  swinging  the  dredge.  But  in  practice  when  the  proper 
swinging  speed  has  been  determined  the  change  speed  is  rarely  used. 
In  fact,  most  dredge  operators  disconnect  it  so  that  the  winchmen  will 
not  be  tempted  to  use  it.  For  average  ground  the  swinging  speed 
at  the  lower  tumbler  is  about  60  feet  per  minute.  Experiments  are 
being  made  by  some  of  the  larger  companies  with  a  view  to  increasing 
this  speedy  as  it  is  realized  that  the  buckets  should  be  fed  to  the 
ground  as  fast  as  practicable.  Strains  in  the  side  lines  and  other 
parts  of  the  dredge  are  less  when  a  rapid  thin  cut  is  taken  than 
when  a  heavy  slow  cut  is  made. 

When  digging  clayey  ground  it  is  especially  desirable  to  take  a  thin 
cut  as  the  clay  is  more  easily  broken  in  the  screen  when  in  thin  slices 
than  when  in  lumps. 

It  is  desirable  to  have  a  slow-speed  mechanism  on  the  winch  so 
that  in  an  emergency  it  can  be  used,  for  example,  in  repairing  a 
broken  ladder,  or  if  it  has  been  disconnected,  it  can  be  readily  recon- 
nected. On  the  older  dredges  this  speed  change  was  accomplished  by 
jaw  clutches  in  connection  with  two  gear  ratios.  In  modem  large 
dredges  such  gear  clutches  have  been  displaced  by  friction  clutches; 
these  cost  considerably  more  but  are  more  easily  operated. 
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Moet  of  the  swing  winches  are  driven  with  a  belt,  but  the  silent 
ohain  drive  has  been  tried  and  wiU  no  doubt  oome  into  more  general 
use.  The  winch  motor  should  be  supported  above  the  winch,  for 
when  it  is  set  on  the  deck  there  is  always  danger  of  water  getting  into 
it  when  the  decks  are  washed. 

On  some  dredges  the  designers  have  saved  on  the  first  cost  by  using 
jaw  clutches  instead  of  friction  clutches  on  each  drum,  but  these  have 
not  proved  satisfactory,  as  time  is  lost  at  each  swing  of  the  dredge 
in  getting  the  jaws  in  mesh.  Another  disadvantage  is  that  the  dredge 
is  reversed  witii  a  jar.  This  jar  is  reduced  by  using  a  friction  clutch. 
As  dutches  on  dredges  are  subjected  to  severe  service,  the  standard 
type  of  friction  clutch  is  not  strong  enough,  so  a  special  type  of  inter- 
nal expanding  band  clutch  has  been  developed  for  this  work  and 
has  proven  efficient. 

8FT7DS  AND  SFT7D  SI7PP0BTS. 

The  most  important  item  to  consider  in  connection  with  spud&is 
strength.  Spuds  not  only  take  the  thrust  caused  by  digging  but  they 
are  also  subjected  to  a  torsional  stress  from  the  swinging  of  the  dredge 
from  side  to  side.  The  torsion  can  be  reduced  to  a  TniTiimnm  by 
making  the  spud-point  casting  very  long,  and  the  cross  section  round 
except  where  the  pomt  is  riveted  to  the  structural-steel  part  of  the 
spud.  The  spud  is  in  the  sand  to  a  depth  of  several  feet,  and  the 
round  point  (PI.  XXX,  A)  offers  less  resistance  to  the  swinging  of 
the  dredge  than  does  the  rectangular  section  that  was  imtil  recently 
in  general  use. 

The  designing  of  a  sufliciently  strong  spud  would  seem  simple,  the 
spud  being  in  effect  an  overhanging  beam  supported  at  the  hull  and 
the  upper  truss  chords.  However,  with  perhaps  one  or  two  excep- 
tions, a  spud  has  rarely  stood  up  during  the  life  of  the  dredge  for 
which  it  was  built. 

Wooden  spuds  were  used  for  the  early  dredges,  but  were  not  found 
suitable.  Later,  some  dredges  used  a  steel  spud  for  digging  and  a 
wooden  spud  for  stepping  ahead,  and  some  dredges  even  now  use 
that  arrangement.  This  practice  is  not  good  for  two  reasons — 
first,  either  spud  should  be  available  for  digging  as  conditions  often 
arise  that  make  the  use  of  both  necessary,  and  second,  there  should 
alwajTS  be  a  spare  spud  for  use  in  di^ng  if  breakage  occurs;  the 
spare  should  be  carried  on  the  dredge,  as  often  it  can  not  be  trans- 
ported to  the  dredge.  Thus,  if  one  spud  cracks  or  the  rivets  loosen, 
digging  on  it  can  be  discontinued  before  it  actually  breaks  and  it  can 
be  used  as  the  stepping  spud  until  the  dredge  is  in  a  suitable  location 
to  permit  its  removal  for  repairs  or  the  substitution  of  a  new  spud. 
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There  are  two  types  of  steel  spuds  in  general  use,  one  having  a 
rectangular  cross  section  (PI.  XXX,  B,  and  fig.  6)  and  the  other  of  the 
same  general  shape,  but  with  a  center  web  running  the  length  of  the 

spud  (fig.  7).  The  latter  type  is  much  more  diffi- 
cult to  build  and  to  repair.  Tests  have  been  shown 
that  if  the  center  web  be  omitted  and  the  metal 
used  to  thicken  the  outside  plates,  the  life  of  the 
spud  is  much  longer.  On  a  large  dredge  recently 
built  an  experimental  spud  is  made  of  four  30-inch 
I  beams  bolted  together  (fig.  8). 

Breakage  of  many  spuds  theoretically  strong 
enough  is  caused  by  the  rivets  becoming  loose  and 

piouBE  6.-cro8s  seetion   aM<>^i^  ^^^  plates  to  fail.    It  is  difficult  and  often 
of  box  type  of  spud.      impossible  to  keep  the  rivets  tight  on  m.ost  of  the 

dredges.    The  tremendous  bearing  pressure  on  the  spud   kick  is 

distributed  over  three  or  four  rivets  only,  causing  them  to  become 

loose.    During  the  past  year  most  of  the  large 

dredges  have  been  designed  to  overcome  this  by 

making  a  swivel  casting  which  bears  against  the 

spud  at  all  positions  for  a  distance  of  3  or  4  feet, 

thereby  distributing  the  bearing  pressure  over  a 

great  number  of  rivets.    Plate  XXXI,  A,  shows 

one  method  of  transporting  a  spud. 
The  life  of  most  dredge  hulls  is  shortened  by 

their  failure  at  points  where  the  spuds  bear 

against  them.    In  many  dredges  there  is  a  steel 

plate  between  the  hull  and  the  spud.    On  such 

dredges  the  plate  is  apt  to  be  (hriven  into  the 

wooden  hull,  the  intermittent  pressure  loosening 

the  bolts  in  the  huU  and  allowing  the  water  to  leak  through.    In 

some  of  the  steel  dredges  trial  was  made  of  a  smaU  casting  riveted 

to  the  hull  plates,  but  the  result  was  the  same. 

It  is  now  the  practice  to  rivet  a  casting  several  feet 
wide  the  entire  depth  of  the  hull. 

For  a  while  wooden  casings  just  large  enough 
to  receive  the  spud  were  built  on  the  hull  from  the 
upper  truss  to  the  deck.  Timbers  were  bolted  to 
the  spuds  on  the  sides.  The  casings  served  no 
good  purpose  and  caused  trouble.  Small  stones, 
nuts,  or  other  pieces  of  material  dropped  between 

FIGURE  8.-crofs  section   ^^^  ^^^  ^^^  *^®  ^P^^  ^^^  necessitated  the  use 
of  spud  made  of  four   of  more  powcT  to  raise  the  latter.    Casings  should 

t^grthw.****"**  ^^^^    be  ^eft  ^Pen  except  at  the  upper  truss  chord  and 

at  the  hull  where  the  stresses  can  be  taken  care  of. 
It  is  the  usual  practice  to  use  buflFer  springs  at  the  upper  supports 
to  do  away  with  excessive  jar  (PI.  XXXI,  B).    Springs  have  also 
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been  used  at  the  hull,  but  as  it  is  necessary  to  put  them  under  the 
water,  where  it  is  impossible  to  examine  them  at  intervals,  the 
practice  has  been  discontinued,  although  they  never  gave  trouble. 

Several  spuds  have  been  bolted  together  instead  of  riveted,  lock 
washers  and  sometimes  turned  bolts  which  were  made  a  driving  fit 
being  used.  Bolts  stay  tight  much  better  than  rivets  and  if  they 
become  loose  they  can  be  tightened.  They  serve  the  purpose  very 
well  and  will  no  doubt  do  away  with  much  of  the  trouble  experienced 
with  rivets. 

A  single  digging  spud  was  placed  on  each  of  several  dredges  with 
the  idea  that  by  placing  it  in  line  with  the  bucket  ladder,  to  oppose 
the  digging  force,  the  stresses  in  the  dredge  could  be  more  effectively 
distributed.  It  is  possible  to  take  care  of  the  eccentric  load  caused 
by  the  spuds  being  placed  off  center  in  the  usual  manner,  so  there  seems 
no  good  reason  why  the  single  spud  should  be  used.  With  these 
dredges  a  light  stepping  spud  was  placed  as  in  the  standard  dredge. 
The  use  of  only  one  digging  spud  entails  many  disadvantages,  and 
the  dredges  so  equipped  have  given  much  trouble — the  spud  comes 
at  the  end  of  the  screen  and  all  of  the  material  has  to  be  by-passed 
through  a  curved  chute;  the  stacker  must  be  placed  to  one  side  and 
run  out  at  an  angle,  which  compUcates  the  suspension,  and  the  spud 
is  in  the  way  when  the  screen  and  the  drive  are  being  repaired.  A 
still  greater  disadvantage  is  that  when  the  spud  is  out  of  order  or 
the  hull  at  the  spud  needs  repairing,  the  dredge  is  shut  down;  this 
IS  not  necessary  if  the  dredge  is  equipped  with  two  spuds.  When 
two  spuds  are  used  and  the  rivets  on  one  become  loose,  the  other  is 
put  into  use  and  the  loose  rivets  are  tightened  while  the  dredge 
remains  in  operation. 

The  length  of  the  spud  is  determined  by  the  depth  of  digging  and 
the  height  of  the  top  truss  chord.  The  following  table  shows  how 
the  sizes  of  spuds  vary  according  to  the  ideas  of  the  constructors 
and  the  conditions  of  operation: 

Data  regarding  lengths  o/spiuls  used  on  different  dredges. 


Sixeof 
bucket. 

Size  of 
spud. 

Depth  of 
digging  be- 
low water. 

Length  of 
spud. 

Cu./ed. 

5 

5 

6 

7 

0 
13 
15 
16 
16 
16 
16 

IfickeJi. 
26  by  36 
24  by  36 
24  by  36 
24  by  36 
24  by  36 
24  by  36 
84  by  54 
30  by  42 
38  by  50 
36  by  54 
88  by  60 
36  by  54 

Feet. 
35 
50 
30 
60 
30 
65 
45 
35 
65 
55 
70 
40 

Feet. 
59 
53 
45 
53 
48 
61 
60 
61 
70 
80 
62 
60 
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HtriiLS  AJSTD  SUPSBSXBXJCTI7BES. 

The  hull  is  rectangular,  with  an  opening  or  well  hole  running  from 
the  bow  to  about  the  center.  The  ladder  and  bucket  line  extend 
through  the  well  hole,  and  the  well  hole  should  be  no  longer  than  is 
absolutely  necessary  for  the  operation  of  the  buckets  when  the 
ladder  is  in  a  position  45^  with  the  vertical,  this  being  the  maxi- 
mum angle  at  which  it  should  operate.  The  outside  comers  of  the 
pontoons  are  cut  off  at  the  bow  on  a  long  curve.  The  object  of  mak- 
ing the  hull  narrow  at  the  bow  is  to  avoid  interference  with  the  bank 
when  digging  in  comers.  The  early  California  dredges  dug  shallow 
ground;  the  ladder  did  not  extend  much  ahead  of  the  hull,  and 
it  was  necessary  to  make  the  hull  narrow  at  the  bow.  With  long 
digging  ladders  the  comers  should  be  cut  as  little  as  possible,  and 
under  certain  conditions  they  need  not  be  cut  off  at  all.  The  most 
important  reason  for  this  is  that  a  larger  proportion  of  the  ladder  is 
supported  by  the  bow  gantry  which  in  turn  is  supported  by  the 
forward  end  of  the  hull,  and  it  is  necessary  to  get  as  much  flotation 
at  this  point  as  possible.  Consequently,  the  front  wall  of  the  hull 
should  be  square  with  the  deck  and  not  beveled,  as  on  some  dredges. 
Plate  XXXII  shows  an  elevation  of  a  dredge  hull  and  Plate  XXXIII 
shows  details  of  hull  construction. 

If  much  sand  is  to  be  encountered  at  the  stem  of  the  dredge,  it  is 
good  practice  to  cut  off  the  corners  at  the  bottom  of  the  stem,  so 
that  when  the  dredge  is  swung  these  corners  will  be  clear  of  the  sand 
tailings  (see  PI.  XXXIV,  A),  The  deck  is  usually  allowed  to  extend 
over  the  hull  3  to  5  feet  on  each  side,  but  this  extension  is  desirable 
only  if  there  is  not  sufficient  room  on  the  deck  for  the  winches 
and  pumps. 

Hatchways  are  placed  in  the  deck  to  give  entrance  to  the  hull  at 
different  points,  but  they  should  be  arranged  so  they  are  water-tight 
when  the  dredge  is  in  operation,  so  that  if  the  hull  is  injured  it  will 
not  fill  with  water. 

The  material  of  which  the  hull  should  be  built  is  determined  by 
local  conditions,  such  as  the  comparative  cost  of  steel,  whether 
suitable  timber  is  near  the  site  of  operation,  the  life  of  the  dredging 
ground,  the  availability  of  skilled  labor,  and  whether  parasites  or 
chemicals  are  present  in  the  water.  The  greatest  advantage  obtained 
by  the  use  of  steel  hulls  (Pk.  XXXIV,  B,  XXXV,  and  XXXVI)  is 
the  elimination  of  the  fire  hazard,  thus  not  only  forestalling 
losses  occasioned  by  fire  but  effecting  a  great  saving  on  insurance. 
The  steel  hull  has  other  important  advantages. 

The  life  of  the  property  is,  however,  not  such  an  important  item 
as  is  sometimes  considered,  for  there  is  no  reason  why  a  wooden  hull 
should  not  be  built  to  last  15  years,  and  by  that  time  the  machinery 


tlMEMJ  OF  MINES  BULXeTIN   lir     PLATE  XXXIII 


DETAILS  OF  OONSTBXTCTION  OF  GOLD  DRBDO£S.  69 

win  have  outliTed  its  usefalnesa,  not  only  on  account  of  wear  but 
because  it  will  have  become  obsolete. 

The  usual  life  of  wooden  hulls  is  only  8  to  10  yeaos,  as  prac- 
tically all  of  them  are  built  of  wood  that  has  not  been  treated  in  any 
way  by  presenratives  or  has  had  only  an  external  coating  of  preserving 
liquid.  Careful  teste  have  been  made  by  the  Government  with 
rock  80OW8  and  barges  wfaidi  operate  under  eonditions  similar  to 
those  encountered'  by  dredges,  and  it  has  been  determined  that 
when  bunt  of  untreated  timbws  they  wiD  last  approximately  eight 
years.  However,  barges  built  of  timbers  whose  pores  had  been 
thoroughly  filled  with  creosote  by  the  vacuum  and  pressure  process 
were  excellently  preserved  at  the  end  of  15  years.  There  is  no  doubt 
that  all  wood  hulls  should  be  built  of  creosoted  timbers  regardless 
of  the  probable  life  of  the  dredging  operations.  The  additional  cost 
for  timbers  treated  in  this  manner  is  about  5  per  cent.  The  timbers 
used  in  construction  should  also  be  as  dry  as  possible;  some  con- 
structors contend  that  dredge  hulls  built  in  the  winter  season  will 
not  have  as  long  life  as  those  built  in  dry  weather. 

It  is  often  necessary  to  replace  timbers  that  have  been  subjected 
to  heavy  stoains  or  that  have  rotted  from  moisture.  On  some 
dredges  the  upper  truss  chord  is  under  tension  and  bending  strains 
due  to  the  weight  of  the  main  drive.  As  timbers  should  never  be 
depended  upon  to  take  tension,  rods  should  be  placed  to  take  this 
strain.  Timbers  should  not  be  used  to  support  the  screen,  as  the 
leakage  causes  rapid  decay,  and  the  vibration  and  the  weight  force 
the  bearings  out  of  line.  It  is  not  uncommon  to  replace  the  screen 
timbers  every  three  or  four  years.  These  supports  should  therefore 
be  bmlt  of  structural  steel,  which  is  more  economical  and  more  satis- 
factory in  every  way  than  wood. 

The  truss  chord  and  screen  supports  are  the  only  timbers  that  give 
trouble  above  the  deck,  as  the  bow  and  stem  gantries  are  usually 
iQ  good  condition  when  the  dredge  is  dismantled  except  at  the  deck 
and  where  they  project  into  the  hull.  These  timbers  as  well  as  the 
truss  posts  should  have  a  casing  built  around  them  at  the  deck,  into 
which  asphaltum  or  other  material  can  be  poured  to  keep  out  moisture. 
AU  heavy  timber  should  be  set  in  cast-steel  or  cast-iron  bases  at  the 
bottom  and  have  caps  at  the  top,  not  only  hi  order  to  keep  out  mois- 
ture, but  to  prevent  the  end  of  the  timber  from  crushing  the  support- 
ing member.  Each  of  these  bases  and  caps  should  have  about  three 
times  as  much  bearing  surface  along  the  cross  timber  as  on  the  end 
of  the  uprights;  Douglas  fir  or  Oregon  pine,  for  example,  should  not 
have  to  support  a  weight  of  more  than  250  pounds  per  square  inch 
across  the  grain,  an  endwise  pressure  of  800  pounds  per  square  inch 
is  safe. 
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Decay  always  sets  in  at  contact  surf  aces  when  moisture  is  present 
and  extreme  care  must  be  used  in  protecting  such  places.  Probably, 
however,  the  greatest  source  of  trouble  is  the  practice  of  running  the 
truss  rods  through  the  timbess,  as  the  water  from  the  deck  runs  down 
along  these  rods  into  the  timbers.  Double  truss  rods  should  be  used 
and  should  be  placed  outside  of  the  timbers  and  connected  at  the 
€a4b  to  the  bases  and  caps.  This  arrangement  is  somewhat  compli- 
cated but  it  should  always  be  followed. 

^e  life  of  practically  all  wooden  hulls  is  determined  by  the  ltf«  of 
the  stem,  where  the  spud  thrust  is  taken  up.  As  mentioned  under  the 
subject  of  spuds,  the  latter  should  not  bear  directly  against  the  hull, 
but  a  casting  should  be  placed  between  in  order  to  distribute  the 
bearing  strain  to  all  of  the  main  timbers  running  lengthwise  of  the 
dredge. 

A  mechanical  circulation  of  air  through  the  hull  considerably  pro- 
longs the  life  of  the  timbers.  The  hull  should  be  so  designed  and  the 
machinery  so  placed  that  the  bow  of  the  dredge  is  slightly  higher 
than  the  stem  when  the  ladder  is  in  the  highest  position,  so  that  at 
all  times  the  water  will  drain  to  the  stem,  where  it  can  be  pumped  out. 

Data  on  sizes  of  hulls  for  dredges  of  differcint  capacities  and  dig- 
ging depths  are  given  in  the  table  following: 


Data  on 

hulls  of  different  dredges. 

sin  of 

1 

Digging 

Katerial 

Width 

Length 

Depth 
of  hull. 

bookets. 

depth. 

oniulL 

ofhiiH. 

«fhull. 

CnMcfea. 

Fed. 

Feet. 

Feet. 

Ft.  in. 

6 

36 

Wood... 

36 

106 

7    9 

5 

56 

...do 

36 

115 

8    0 

7 

36 

Steel.... 

40 

115 

8    0 

7 

65 

421 

130 

8    6 

0 

26 

Wood... 

46 

ISO 

8    6 

0 

65 

...do.. .. 

50 

^45 

0    0 

13 

35 

...do 

56 

135 

/al4    6 
1  ^12    0 

16 

66 

...do... . 

68 

156 

12    6 

16 

65 

Steel.... 

58 

155 

12    0 

•  Bow. 


bStom. 


A  hull  constructed  of  steel  can  be  divided  into  several  water-tight 
compartments,  so  that  if  one  compartment  suffers  accident  the  water 
is  confined  to  it.  The  most  vulnerable  parts  are  at  the  bow  and 
stem,  and  therefore  a  compartment  is  built  at  the  bow  on  each  side, 
another  compartment  is  built  across  the  stem,  and  others  are  con- 
structed on  each  side  and  at  the  end  of  the  well  hole. 


BOW  aANTBY. 


The  bow  gantry  should  not  be  placed  near  the  front  edge  of  the 
hull,  but  back  a  considerable  distance  so  as  to  give  as  much  flotation 
surface  as  possible  under  the  gantry,  as  mentioned  previously. 


..    STEEL  HULL  WITH  BEVELED  STERN.  YUBA  NO.  IS  DREDGE. 


it.    STEEL  RIBS.  BOTTOM  ANO  OECK  BEAMS.  B-FOOT  DREOGE. 


A.    YUKON  NO.  B  DREDGE  UNDER  CONSTRUCTION. 


B.    SUPERSTRUCTURE  OF  A  STEEL  DREDGE, 


.    PLATE-arROER  DIGGING  LADDER. 


B.     SAVE -ALL  SLUICE,  CONREY  HO.  3  DREDGE. 
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The  most  desirable  height  of  the  bow  gantry  depends  on  the  length 
of  the  ladder  (PL  XXXVII,  A).  It  is  necessary  to  make  the  gantry 
high  enough  so  that  the  ladder  lines  will  not  pull  at  too  small 
an  angle  when  the  ladder  is  at  its  highest  position.  The  bracing  of 
the  gantry  must  be  arranged  so  the  ladder  can  be  raised  to  such  a 
height  that  the  lower  tumbler  can  be  rested  on  the  bank  in  front  of 
the  dredge  during  repairs,  for  otherwise  it  is  necessary  to  dig  away 
the  bank.  The  present  practice  is  to  build  the  bow  gantry  as  a  unit 
and  to  set  it  in  bases  that  allow  pivoting.  This  is  a  great  couTeni- 
ence  during  erecting  as  the  lower  end  can  be  placed  in  the  bracket 
and  the  gantry  swung  into  place.  The  old  method  was  to  build  the 
posts  into  the  hxdl. 

The  stem  gantry  supports  the  outer  end  of  the  stacker  and  the 
spuds.  It  should  be  high  enough  to  allow  the  spuds  to  be  raised 
dear  of  the  lower  supports  so  that  they  can  be  taken  out  without 
dismantling  the  supports. 

LADDBB  BOLLBB8  USTD  BBABOraS. 

Ladder  rollers  except  for  a  few  minor  details,  have  become  stand- 
ardized. Formerly  three  hubs  were  used — one  on  each  end  and  one 
in  the  middle,  the  shaft  being  pressed  in.  The  intent  was  to  have  a 
press  fit  at  the  three  hubs,  but  owing  to  the  fact  that  it  was  practically 
impossible  to  apply  calipers  to  the  center  hub  accurately  this  center 
bearing  is  no  longer  favored  by  most  dredge  makers,  as  it  adds  nothing 
to  the  strength  of  either  the  roller  or  the  shaft.  Many  dredge  makers 
use  manganese  rollers,  which  are  well  suited  to  this  service.  The 
onlj  objection  to  a  manganese  roller  is  that  if  it  becomes  loose  on  the 
shaft  the  bore  wears  oblong  and  it  can  not  be  used  with  another  shaft. 
Xickd-chronie  steel  is  the  next  best  material  for  roller  construction, 
and  next  to  that  high-carbon  steel. 

The  ladder-roller  shafts  wear  out  rapidly  and  some  shafts  are  being 
used  with  manganese  or  nickd-chrome  sleeves.  The  design  of  the 
bearings  determines  the  life  of  the  shaft.  The  method  of  suspending 
the  bearing  on  lugs  that  extend  below  the  bearing  (PI.  XXXVIII,  A) 
has  not  been  found  the  best  practice  on  account  of  the  greater  move- 
ment and  consequent  wear  when  this  type  is  used  as  compared  to  the 
method  of  pivoting  the  bearing  on  the  center  Hue  of  the  shaft  (PI. 

xxxvin,  B). 

Ladder-roller  bearings  are  about  the  only  parts  of  the  modem 
dredge  made  of  cast  iron,  and  the  cast-iron  bearings  are  being  replaced 
with  steel. 

MAIN  HOPFBB,  8AVB-ALL,  AHB  BXJOKET  IDUBBS. 

For  several  reasons  it  is  desirable  to  have  the  upper  tumbler  no 
higher  above  the  deck  than  necessary.  Such  construction  not  only 
lowers  the  center  of  gravity  and  therefore  increases  the  stability  of  the 
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dredge,  but  it  keeps  down  the  weight.  Of  greater  importanoe  is  the 
waste  in  power  in  raking  the  gravel  the  extra  distance  necessitated 
by  an  unduly  high  upper  tumbler,  and  in  hoisting  the  additional 
weight  of  the  ladder  and  in  the  bucket  line. 

The  distance  between  the  upper  tumbler  and  the  deck  can  be  kept 
to  a  minimum  only  if  the  main  hopper  into  which  the  material  is 
dumped  from  the  buckets  is  designed  to  avoid  a  long  drop.  The 
hopper  must  also  be  designed  to  prevent  excessive  spilling.  In  gen- 
eral shape  the  main  hopper  is  like  a  box  with  the  top  removed  and 
one  side  cut  away  to  within  a  short  distance  of  the  bottom.  This 
distance  is  just  great  enough  to  keep  the  material  from  running  over 
and  should  allow  minimum  dearauce  of  the  buckets  when  they  are 
digging  the  maximum  depth.  The  spout  leading  from  the  hopper 
to  the  screen  is  set  about  A  to  8  inches  above  the  bottom  so  that  the 
hopper  fills  with  gravel  to  that  distance  and  there  is  no  wear  on 
the  bottom.  The  side  removed  should  be  just  wide  enough  for  the 
buckets  to  pass  through.  Chutes  are  placed  on  each  side  to  carry 
into  the  hopper  material  spilled  over  the  sides.  Water  jets  should 
play  against  the  sides  of  the  buckets  and  on  the  inside  so  that  no 
material  will  be  carried  back  to  the  pond.  The  inside  of  the  hopper 
should  be  lined  with  manganese  steel  bars  so  designed  that  when  the 
first  set  of  bucket  pins  need  replacement  the  worn  pins  can  be  used 
to  line  the  hopper.  Worn  bucket  pins  can  be  used  to  great  advantage 
here. 

The  save-all  sluices  (PI.  XXXVII,  B)  should  have  a  greater  pitch 
than  the  tables  owing  to  larger  wash.  It  is  difficult  to  make  them  so 
that  they  are  easily  accessible  for  cleaning.  A  grizzly  (PI.  XXXIX,  A ) 
with  about  2-inch  openings  should  be  placed  above  them  to  keep  out 
the  larger  rock.  The  most  important  point  in  connection  with  the 
grizzly  is  to  make  it  so  that  it  can  be  easily  repaired.  With  the  old 
type  of  bars  repair  was  very  difficult,  as  the  bars  were  held  together 
by  rods  running  through  holes  in  the  bars  with  a  spacer  between. 
This  grizzly  was  in  one  piece  and  owing  to  the  construction  at  this 
part  of  the  dredge  it  was  usually  necessary  to  run  the  rods  through 
the  large  timbers  supporting  the  main  drive,  building  them  into  the 
dredge.  The  removal  of  the  rods  was  difficult ;  it  was  necessary  to  han- 
dle the  bars  as  a  unit,  and  some  of  the  grizzlies  were  8  feet  wide  and  14 
feet  long  and  weighed  over  6,000  pounds.  The  best  practice  is  to 
cast  a  rack  in  which  the  bars  can  be  set,  each  bar  being  removable, 
as  the  wear  is  limited  to  a  small  area  and  it  is  not  necessary  to  throw 
the  whole  grizzly  away  because  this  area  becomes  worn.  When 
one  end  of  the  bar  is  worn  it  can  be  turned  end  for  end  and  then  moved 
to  the  edge  where  the  service  is  not  severe.  This  type  of  grizzly, 
which  is  shown  in  Plate  XXXIX,  A,  will  wear  many  times  as  long  as 
the  old  type. 


.    UtDDER-ROLLER  BEARING  SUSPENDiD  I 


B.    LADDER-ROLLER  BEARING,  PIVOTED  T 


C.     SHEAVE  FOR  BOWLINE. 


A.    GRIZZLY  OVER  SAVE-ALL  SLUICE;  HAS  CAST  RACK  FOR  HOLDING  MANGANESE-STEEL  BARS. 


ifVING  DRIVE  AT  UPPER  E 


.     REVOLVINS  SCREEN,  SEGMENTAL  STEP  TYPE. 


SCREEN,  &0>^  FEETLONQ  AND  0  FEET  IN  DIAMETER  FOR  li-l 


.    SCREEN  FOR  CONREV  NO.  *  DREDGE,    NOTE  METHOD  OF  BRACING. 
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The  grizzlies  are  usually  protected  by  heavy  cast-steel  rails  set 
about  18  inches  apart,  so  that  if  the  bucket  line  should  break  and  the 
broken  end  go  over  the  upper  tumbler  the  grizzlies  would  not  be 
damaged. 

When  it  is  necessary  to  dig  the  gravel  to  a  depth  of  50  feet  or  more 
a  bucket  idler  (PI.  XL)  should  be  placed  to  take  a  part  of  the  weight 
of  the  return  string  of  buckets.  The  idler  is  placed  on  the  lower  deck 
high  enough  so  that  the  lips  of  a  bucket  will  just  clear  the  grizzly 
when  the  bucket  is  riding  on  the  idler.  This  arrangement  also  affords 
a  protection  for  the  grizzly.  A  bucket  idler  is  about  9  feet  in  diam- 
eter and  the  tread  is  shaped  to  conform  to  the  edge  of  the  lips  of  the 
buckets.  The  tread  is  shod  with  manganese-steel  wearing  plates. 
Idlers  were  formerly  cast  in  four  parts.  The  two  spiders  were  cast 
separately  and  the  rim  was  cast  in  two  parts  which  were  later  bolted 
together.  The  shoulder  of  the  rim  against  the  ends  of  the  spiders 
was  also  held  with  large  bolts.  The  constant  hammer  of  the  buckets 
wore  away  the  shoulder,  when  the  bolts  would  not  hold  tight.  At 
present  the  idler  is  cast  in  one  piece,  doing  away  with  the  difficulty 
mentioned. 

The  hubs  of  the  idlers  are  long — in  some  idlers  being  more  than  7 
feet.  Consequently  it  has  been  found  difficult  to  keep  the  keyways 
from  wearing  loose,  as  the  long  hubs  make  difficult  the  use  of  taper 
keys.  It  is  believed  that  this  trouble  will  be  overcome  by  splitting 
the  hub  the  entire  length  and  wedging  it  apart  while  boring  it,  and 
after  the  shaft  has  been  put  in  place  the  wedges  can  be  removed  and 
the  hub  will  bind  on  the  key.  The  idler  should  not  be  pressed  on  the 
shaft.  When  repair  of  the  idler  is  necessary  it  must  be  taken  off  the 
dredge  through  the  well  hole,  and  with  the  shaft  in  place  it  is  too 
wide  to  go  through  the  well  hole.  Hence  the  shaft  must  first  be 
removed  before  the  idler  can  be  taken  off  the  dredge.  Similarly,  in 
designing  the  idler,  care  must  be  taken  to  make  it  narrower  than  the 
well  hole.  In  removing  the  idler  it  is  lashed  to  the  lower  run  of  the 
backets  and  the  bucket  line  is  revolved  until  the  idler  is  landed  on 
the  bank. 

SOBEEN  AND  SOBEEN  DBIVE. 

As  the  shaking  screen  is  no  longer  used  except  in  isolated  dredg- 
ing, only  the  revolving  screen  (PI.  XLI)  is  discussed  here. 

The  size  of  the  screen  to  be  used  depends  upon  the  capacity  of  the 
buckets,  the  proportion  of  fine  material,  and  the  size  of  material  that 
goes  over  the  tables.  The  following  table  shows  the  sizes  of  screens 
with  }-inch  or  ^-inch  perforations  most  commonly  used  for  buckets 
of  different  capacities. 
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Sites  of  screens  used  with  different  sizes  of  buckets. 


Site  of 
bucket. 

Diameter 
o(  screen. 

Total 
length  of 
perforated 

plates. 

Honepow* 

eroforlTe 

'  motor. 

Cubic  feet. 

Feet. 

Feet. 

3 

A 

16 

20 

5 

5 

20 

26 

7 

6 

26 

86 

9 

7 

30 

46 

16 

9 

38 

76 

Screens  are  usually  cylindrical,  although  some  step  screens  are 
used.  Each  type  has  its  advantages.  Some  of  the  advantages  of 
the  step  screen  are:  (1)  Weight  is  about  20  per  cent  less  for  equal 
capacity;  (2)  with  the  drive  at  the  head  end  the  weight  is  concen- 
trated where  it  is  needed  for  traction;  (3)  the  same  effect  is  obtained 
as  when  obstruction  segments  are  used,  but  the  drop  with  its  atten- 
dant wear  is  eliminated;  (4)  telescopic  screens  allow  the  upper  tum- 
bler to  be  placed  lower  than  with  the  cylindrical  screens,  as  the  tables 
at  the  rear  end  of  the  dredge  can  be  placed  higher.  The  advantages 
of  the  cyliiidrical  screen  are:  (1)  All  of  the  screen  plates  are  inter- 
changeable and  therefore  a  smaller  number  need  be  carried  in  stock; 
(2)  it  is  less  complicated;  (3)  it  can  be  made  more  rigid;  (4)  a 
smaller  proportion  of  the  material  goes  on  the  upper  tables,  which  is 
an  advantage  as  with  either  type  the  upper  tables  have  more  than 
their  share  of  material. 

The  screen. structure  should  be  designed  so  that  it  will  take  the 
torsional  stress  of  the  drive  and  also  the  bending  movement  without 
depending  on  the  screen  plates.  This  is  sometimes  accomplished  by 
riveting  braces  between  the  longitudinal  angles  (PL  XLI^  O),  but  a 
simpler  screen  is  obtained  by  so  casting  brackets  on  the  tread  rings 
that  fit  around  the  angles  or  bars  as  to  take  the  shear  from  the  rivets 
or  bolts.  Another  method  that  accomplishes  the  desired  result  is  to 
use  sufficiently  large  gusset  plates  between  the  angles  and  the  shell 
plates.  All  angles  and  plates  should  be  held  together  with  fitted 
bolts  and  spring  washers  instead  of  rivets,  as  the  latter  work  loose 
too  rapidly. 

Screen  plates  are  made  either  of  high-carbon  rolled  plates  with 
the  holes  drilled  or  of  cast  manganese  steel.  The  holes  should 
taper  about  one-eighth  inch  to  every  one-half  inch  of  thickness  of  plate, 
and  the  small  end  should  be  placed  inside  the  screen  so  that  the 
holes  will  not  clog.  Longitudinal  bars  should  be  placed  about  9 
inches  apart  to  carry  the  material  with  the  screen  as  it  revolves, 
thus  spreading  the  gravel  over  a  larger  area.  The  bars  cause  the 
falling  materi^  to  wear  the  screen  plate  more  rapidly  between  the 
bars  than  directly  under  them.  After  such  wear  has  developed 
the  bars  should  be  moved  to  cover  the  worn  parts  and  expose  the 
unworn  parts. 


A.    SCREEN  DRIVE,  SINGLE.ROLLER  TYPE. 


B.    SCREEN  HOUSING  nr 
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An  obetructioa  segment  is  usually  placed  at  the  end  of  each  screen 
plate.  These  segments  are  to  keep  the  material  from  rushing  through 
the  screen  too  rapidly.  The  same  result  would  be  accomplished  by 
reducing  the  pitch  of  the  screen.  One  disadvantage  of  the  segments 
is  that  the  material  is  banked  behind  them  and  an  uneven  distribu- 
tion along  the  screen  results.  Another  objection  is  that  there  is 
excessive  wear  where,  the  gravel  drops  over  the  8^;ment.  It  is 
advisable  to  place  one  circle  of  bars  at  the  upper  end  of  the  screen  to 
retard  the  flow  of  the  gravel  as  fed  from  the  spout,  also  a  set  at  the 
lower  end  to  arrest  the  rapid  flow  of  water  to  the  conveyor  belt. 

The  liners  for  the  upper  and  lower  shell  plates  should  be  bars 
about  6  inches  wide  by  1  inch  thick  rather  than  circular  plates,  as 
the  former  are  more  economical  and  easier  to  handle.  Cast  bars 
are  superior  as  they  can  be  made  thicker  where  the  greater  wear 
comes. 

For  washing  the  gravel  there  are  two  methods,  both  of  which  have 
their  advantages.  In  one  method  a  large  perforated  pipe  nmning  the 
length  of  the  screen  is  used.  The  diameter  of  perforations  formerly 
used  was  about  one-half  inch,  but  this  size  proved  too  small  as  the 
holes  often  became  clogged;  now  nozzles  of  1  inch  to  2  inches  diameter 
spaced  every  12  or  16  inches  are  used.  It  is  impossible  to  support  the 
pipe  except  at  the  two  ends,  and  occasionally  a  pipe  breaks.  The 
other  method  is  to  place  at  each  end  of  the  screen  a  header  with  2-inch 
nozzlesy  which  direct  the  streams  to  the  center  of  the  screen.  The 
advantage  of  the  header  is  that  it  leaves  the  screen  free  from  obstruc- 
tion and  more  easily  accessible.  The  nature  of  the  gravel  should 
determine  which  method  of  washing  should  be  used. 

The  Uttest  practice  in  driving  the  screen  is  to  drive  from  the  lower 
end  pcSMupally  because  the  driving  machinery  is  then  more  accessible. 
The  upper-end  drive  (PI.  XXXIX,  B,  and  XLII,  A)  has,  however, 
the  a^mitage  that  the  greater  weight  is  concentrated  at  the  upper 
end,  tloiB  producing  better  traction  and  less  torsional  strain. 

It  ^i^te  formerly  the  custom  to  drive  the  screen  from  two  rollers 
set  at  45^.  However,  as  the  rollers  did  not  wear  down  equally, 
there  was  a  resultant  sUp,  causing  rapid  wear.  The  newest  (hedges 
are  designed  with  a  single-drive  roller  (PI.  XLIII,^!),  placed  directly 
under  the  center  line  of  the  dredge,  or  rather  a  few  inches  to  one  side 
of  the  center  line.  Plates  XLII,  A,  and  XUII,  B  show  two  views 
of  screen  housing. 

The  idler  rollers,  or  those  places  under  the  screen  at  the  end  oppo- 
site from  the  drive,  are  placed  on  a  Une  45^  from  the  center  line. 
By  "cutting"  these  idler  rollers  or,  in  other  words,  shifting  them  out 
of  line  one  way  or  the  other  the  screen  is  kept  from  moving  too 
far  up  or  down.  Unless  these  rollers  are  adjusted  properly  the  thrust 
roller,  which  is  usually  placed  at  the  lower  end  of  the  screen,  is  soon 
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worn  out.  It  is  important  that  the  tread  rings  be  kept  free  of  sand 
and  grit.  This  is  usually  accompUshed  by  splash  rings,  but  it  is 
well  to  have  in  addition  a  spray  of  water  on  the  tread  rings.  Dri^e 
rollers  and  thrust  rollers  should  be  of  special  steel,  either  nickel- 
chrome  or  manganese.    Tread  rings  shotdd  be  of  nickel-chrome. 

Screens  should  have  a  peripheral  speed  of  150  feet  per  minute. 
The  structure  on  which  the  screen  is  supported  should  be  of  steel  as  it 
is  impossible  to  keep  the  bearings  in  line  with  a  wooden  structure. 


^ 


i^:^ 


Deck 


FiQXTXK  9.— Cron  section  of  new  type  of  dlstrlbator. 

It  is  advisable  to  drive  the  screen  with  a  variable-speed  motor  to 
eliminate  as  much  jar  as  possible  when  starting.  A  silent  chain 
drive  is  better  than  a  belt  drive.  It  is  well  to  be  able  to  reverse  the 
direction  of  rotation  of  the  screen  as  the  wearing  parts  will  last 
considerably  longer,  all  holes  and  bars  wearing  according  to  the 
direction  of  rotation. 


A.    SIDE  VIEW  OF  DISTRIBUTOR.  YUBk  DREDGE.    TABLES  NOT  IN  PLACE. 


.    SIDE  VIEW  OP  DISTRIBUTOR.    TABLES  IN  PLACE. 
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DZ8TBIBT7TOB. 

The  object  of  the  distributor  is  to  catch  the  fine  material  and  the 
water  as  they  come  from  the  screens  and  distribute  them  to  the  dif- 
ferent sluices.  A  large  proportion  of  the  fine  material  is  discharged 
at  the  upper  end  of  the  screen,  and  it  is  necessary  to  arrange  the 
outlets  of  the  distributor  so  that  this  material  will  be  carried  toward 
the  lower  end  and  in  equal  quantity  to  each  of  the  tables. 

Most  of  the  material  from  revolving  screens  is  dischai^ed  to  one 
side  of  the  center  line,  so  that  more  goes  to  the  tables  on  one  side  of 
the  dredge  than  to  those  on  the  other  side,  unless  the  distributor  is 
designed  to  equalize  the  amoxmt  fed  to  the  tables. 

Several  types  of  distributors  have  been  tried,  but  the  one  shown  in 
Hate  XLIV^  A,  was  the  standard  type  for  some  years.  The  bottom 
of  this  distributor  was  made  of  short  eyebeams  placed  end  to  end, 
each  about  6  inches  lower  than  the  one  directly  above.  An  opening 
was  placed  on  each  side  with  a  sliding  gate  to  regulate  the  feed. 
It  was  f oiuid  impossible  to  get  xmif orm  feed  to  the  different  tables 
with  this  type,  and  another  very  serious  objection  was  that  it  was 
very  difficult  to  replace  worn-out  plates. 

A  new  distributor  (fig.  9)  evolved  by  the  Yuba  ConsoUdated  Gold- 
fields  has  proved  satisfactory.  The  bottom  is  separate  from  the 
sides,  thus  giving  greater  accessibility  for  repairs.  It  is  a  sloping 
trough  with  partitions  placed  every  2  or  3  feet.  The  trough  fills 
with  sand,  which  protects  the  steel  bottom  from  wear.  The  material 
dischai^es  over  the  sides  of  the  trough  onto  the  tables.  When  there 
are  two  decks  of  tables,  openings  are  left  at  the  head  of  the  upper 
bank,  and  approximately  half  of  the  material  drops  to  a  similar  dis- 
tributing trou^  below.  Plate  XLV  and  figure  9  illustrate  this 
feature. 

8TA0XBB. 

At  present  the  belt-conveyor  tailing  stacker  is  in  general  use,  having 
practically  superseded  the  bucket  conveyor  of  the  early  dredges. 
There  are  not  more  than  two  or  three  dredges  in  the  United  States 
with  bucket  conveyors  and  the  operators  of  these  few  dredges  are  the 
strongest  advocates  of  the  belt  type.  While  this  method  of 
handling  material  was  being  developed  by  dredge  operators,  other 
industrial  plants  such  as  ore  mills  and  cement  works  were  proving  the 
the  bdt-conveyor  method  of  elevating  and  conveying  broken  rock  or 
like  substances  to  be  much  superior  to  any  bucket  system  when  the 
conditions  were  similar  to  those  in  dredging. 

The  belt  stacker  has  the  following  advantages:  (1)  Lower  cost  of 
operation,  as  it  does  away  with  the  innumerable  pins  and  joints  that 
are  a  80iu*ce  of  wear  and  breakage,  the  breaking  and  bending  of 
buckets,  etc.;   (2)  less  losjt  time  .owing  to  breakage;   (3)  less  vibra- 
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tion,  smoother  running,  and  therefore  less  wear  on  the  motor  and  the 
drive;  (4)  lighter  weight;  (5)  with  the  belt  stacker  it  is  possible  to 
dump  the  material  at  such  height  and  distance  behind  the  dredge 
as  not  to  interfere  with  operations. 

The  stacking  ladder  consists  of  two  parallel  angle-iron  trusses  tied 
together  at  the  bottom  with  braces,  at  the  top  with  a  continuous 
deck  plate,  and  internally  with  cross  braces.  At  the  lower  end  the 
ladder  is  pivoted  on  a  shaft  placed  as  near  as  practicable  to  the 
receiving  point. 

It  is  important  to  have  the  drop  from  the  screen  chute  to  the  con- 
veyor placed  as  low  as  possible  and  it  is  necessary  to  place  the  pivot 
point  near  the  receiving  point  so  that  the  drop  wiU  not  change  as  the 
ladder  is  raised  and  lowered. 

The  outer  end  is  supported  and  raised  and  lowered  by  wire  rope 
from  the  stern  gantry.  A  wire-rope  sling,  usually  placed  on  the 
stacker,  is  arranged  so  that  double  ropes  support  the  outer  end  and 
a  single  rope  supports  the  center  of  the  stacker  ladder.  It  is  best  to 
do  away  as  much  as  possible  with  steel  rods  and  bars  and  to  use  wire 
rope,  as  the  latter  does  not  crystaUize  so  rapidly  and  a  careful  ex- 
amination of  the  rope  will  determine  whether  the  strains  are  too 
great,  but  a  steel  rod  gives  no  indication  of  weakness  before  an  acci- 
dent. Several  stackers  have  dropped  owing  to  the  breaking  of  bars, 
but  when  wire-rope  sUngs  have  been  substituted  the  trouble  has  been 
eliminated. 

The  stacker  is  hoisted  by  a  small  winch  (PL  XLVI,  A)  and  the 
drive  is  through  a  worm  wheel.  No  brakes  need  be  used  to  hold  the 
stacker  in  place,  as  the  teeth  are  so  designed  that  the  stacker  will  not 
unwind  the  drum  of  its  own  weight;  the  motor  must  be  operated  to 
change  the  position  of  the  stacker. 

A  recent  innovation  in  the  arrangement  for  distribution  of  the 
tailing  from  a  dredge  is  shown  in  No.  16  dredge  of  the  Yuba  Gold- 
fields.  This  dredge  (PI.  XL VII)  was  designed  with  double-tailing 
stackers  for  reconstructing  the  channel  of  the  Yuba  River  coinci- 
dent with  the  recovery  of  gold  from  the  gravel.  With  the  exception 
of  the  stackers  this  dredge  is  practically  the  same  as  Yuba  No.  15. 
The  stackers  are  225  feet  long  and  the  distance  between  the  outer 
ends  of  the  stackers  is  416  feet. 

BELTS. 

Practically  all  belting  manufacturers  have  the  duck  used  in  their 
belting  woven  to  specifications,  some  preferring  a  tight  weave  and 
others  contending  that  a  softer  weave  gives  more  flexibility  and  better 
wearing  properties.  One  company  ^states  that  the  main  body  of  the 
belt  it  manufactures  is  composed  of  duck  of  the  best  sea  island  cot- 
ton, and  that  experiments  with  different  weights  have  shown  that 
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a  duck  weighing  approximately  32  ounces  to  the  yard  of  42-inch 
material  gives  the  best  satisfaction.  Other  firms  use  different 
weights  of  material. 

Belts  consist  of  three  to  eight  plies  of  canvas,  depending  on  the 
width  and  the  length  of  the  belt,  covered  on  the  carrying  side  and 
edges  with  one-sixteenth  inch  or  one-eighth  inch  of  rubber  and  on 
the  other  side  with  one  thirty-second  inch  to  one-sixteenth  inch  of 
rubber.  The  greatest  wear  occurs  along  a  strip  about  8  inches  wide 
in  the  middle  of  the  belt  and  in  the  past  this  part  of  the  belt  has 
often  worn  out  while  the  remainder  has  remained  in  good  condition. 

Several  methods  of  reinforcing  the  middle  have  been  tried  and  many 
are  in  use.  Figure  10  show  the  types  now  in  most  general  use. 
Each  of  these  has  advantages  and  disadvantages.  In  figure  10,  A 
shows  the  original  construction,  and  B  the  first  method  of  over- 
coming wear.  Another  serious  difficulty 
experienced  is  that  when  the  rubber  is 
worn  or  punctured  the  water  gets  into 
the  canvas  which  rapidly  deteriorates, 
especially  in  cold  climates  where  the 
moisture  freezes  and  forces  apart  the  can- 
vas. The  belt  shown  at  C  is  known  as 
the  ''Oeaveland  construction."  If  the 
outer  rubber  is  cut  the  damage  does  not 
reach  to  the  inner  layer  of  rubber  and  the 
efficiency  of  the  belt  is  preserved. 

When  a  belt  is  not  running  true,  ow- 
ing to  the  idlers  not  being  set  correctly, 
the  edges  wear  rapidly,  hence  it  is  well  to 
continue  the  thick  rubber  weU  around  Fiox7BE]o.-cro88  sections  of  tour  types  or 
the  edges  as  shown  at  D.  ?^7^,  ^^^ Vj  «*^?~!  "f  •  ^'  ^f «■ 

^^  inaltype;  B,flntinethod  of  reinforcing 

During  the  early  years  of  gold   dredg-     center;  C,  "Cleavelaod"  oonstruction; 

ing  m  this  country,  considerable  difficulty  ^'  "°^'  "^^^"^  **^  reinforcement, 
was  found  in  procming  a  conveyor  belt  that  would  wear  satis- 
factorily. Many  different  materials  were  tried,  and  some  '^ patent'' 
belts  lasted  only  a  few  hours  when  subjected  to  the  severe  wear  on 
a  gold  dredge.  At  first  it  seemed  difficult  for  the  manufacturers 
to  turn  out  a  imiform  product  and  belts  bought  from  the  same 
firm  and  subjected  to  the  same  wear  would  occasionally  give  en- 
tirely different  service.  In  those  days  it  was  customary  to  buy 
belts  according  to  specifications,  stating  the  number  of  plies  and 
weight  of  duck  used,  the  friction  pull  and  the  thickness  of  the  rubber 
covering,  etc.  Gradually  competition  among  the  various  belt- 
making  firms  caused  a  life  guaranty  of  the  belts  to  be  given  and  it  is 
upon  this  basis  that  belts  are  now  purchased.  Fot*  dredges  that 
have  been  at  work  for  some  time,  an  average  is  taken  of  the  life 
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of  belts  previoiisly  used  and  in  new  fields  some  time  basis  is  generally 
agreed  upon  by  the  operator  and  the  saleman.  This  method  has 
proved  satisfactory  to  the  d/edge  operators.  When  the  life  of  the  belt 
exceeds  the  guaranty  a  bonus  is  sometimes  paid  for  the  extra  service 
obtained  though  this  practice  is  not  universal.  Occasionally  pay- 
ment has  been  arranged  on  an  operating-hour  basis  and  again  on  the 
number  of  yards  handled  during  the  life  of  the  belt.  On  one  6-footi 
dredge  payment  was  made  on  the  basis  of  20  cents  an  hour  for  total 
operating  hours. 

The  life  of  standard  conveyor  belts  in  Califoi^a  varies  from  9  to 
14  months.    On  one  dredge  three  belts  gave  unusually  imiform 
wear  of  458,  468,  and  485  days,  respectively.    A  fourth  belt  lasted^ 
256  days  only  and  adjustment  for  this  short  life  was  made  by  the 
manufacturer. 

The  size  of  the  conveyor  belt  is  determined  both  by  the  quantity- 
of  material  it  has  to  carry  and  by  the  size  of  the  bowlders.  There- 
fore, it  does  not  vary  only  with  the  size  of  the  bucket.  The  following" 
table  gives  the  width  of  belt  usually  used  with  buckets  of  different 
sizes. 

TTfcftA  of  conveyer  heU  used  with  different  sizee  of  buckets. 

Capacity  of  buckst,  cubic  feet.  Width  of  conveyor  belt,  Inches. 

3 24 

4 28 

5 32 

6 32 

7 32 

9 36 

13 36 

16 42 

When  the  gravel  is  of  an  unusual  character  the  size  of  belt  is 
determined  by  the  size  of  the  largest  bowlders,  as  the  chute  feeding 
the  belt  should  be  narrower  than  the  belt.  The  widths  of  belts  cor- 
responding to  the  sizes  of  gravel  are  as  foUows: 

width  of  belt,  inches.  Siie  of  largest  pieces. 

20 7-mch  cubes. 

24 9-inch  cubes. 

30 12-inch  cubes. 

36 15-inch  cubes. 

42 18-inch  cubes. 

When  the  size  of  the  largest  pieces  determines  the  width  of  th( 
belt,  the  latter  should  be  run  at  the  lowest  possible  speed  that  wil 
carry  the  material,  so  as  to  insure  minimum  wear.  When  the  tail 
ings  are  small  it  is  best  to  use  a  small  belt  and  to  run  it  at  a  higl 
speed;  not  exceeding  400  feet  a  minute. 
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The  less  the  angle  of  incline  of  the  stacker,  the  greater  the  capacity 
of  a  belt,  according  to  the  following  table: 

V 

Reiation  of  angle  oj  incline  to  capacity  of  conveyor  belt. 

Angle  of  IncUne,  degrees.  Per  cent  of  oepadty  o!  horlsontal  ooDTeyor. 

Horizontal 100 

6 99 

8 98 

12 97 

15 96 

16 95 

18 93 

20 90 

22 86 

This  loss  in  carrying  capacity  is  caused  by  the  material  slipping  on 
the  belt;  similarly  the  wear  on  the  belt  increases  with  the  angle  of 
incline.  The  incline  should  never  be  more  than  22^.  The  above 
table  is  for  material  comparatively  dry,  and  the  loss  of  capacity 
increases  rapidly  with  the  increase  of  water.  It  is  therefore  im- 
portant that  as  little  water  as  possible  be  allowed  to  go  through  the 
screen  to  the  stacker,  and  the  screen  should  be  arranged  to  take  care 
of  this. 

Plate  XLIV,  B  (p.  76),  shows  a  stacker  belt  in  use. 

The  following  table  gives  the  number  of  phes  for  the  different 
widths  of  belt  and  the  diameter  of  the  stacker  pulleys  that  should 
be  used.  It  will  be  noted  that  the  sizes  given  are  larger  than  those 
generally  used«  A  larger  puUey  will  not  pull  more  than  a  small  one, 
as  the  pulling  power  depends  only  on  the  arc  of  contact.  However, 
the  pull  is  increased  by  facing  the  driving  pulley  with  rubber  or 
leather. 

Number  of  plies  required  for  different  widths  of  stacker  pulleys. 


Width  of 
belt. 

Number  of 
plies. 

Diameter 

of  upper 

dnim. 

Diameter 

of  lower 

drum. 

/Relet. 
24 
38 
82 
86 
42 

6 
5 
6 
7 
8 

Jndu9. 
30 
84 
38 

42 

48 

Inehet. 
26 
28 
32 
86 
42 

The  upper  and  lower  druim  should  be  large  enough  to  reduce  to  a 
mimimum  the  strain  on  the  fibers  of  the  belt.  The  thicker  the  belt 
the  larger  the  drums  should  be.  The  longer  the  belt,  the  greater 
should  be  the  number  of  pUes,  but  the  number  of  plies  given  in  the 
above  table  will  be  sufficient  for  any  length  of  stacker  used  on  gold 
dredges. 
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The  snubbing  rollers  should  be  eliminated  whenever  p 
should  be  made  as  large  as  practicable  when  their  use  ifl 
The  idlers  should  be  placed  near  enough  together  so  thai 
not  be  too  much  sagging  of  the  belt  between  idlers,  as  thii 
temal  wear  (see  PL  XLVI,  B,  p.  78 ) .  For  small  belts  the  idlj 
erally  placed  about  4  feet  between  centers,  and  for  large  be| 
placed  Si  feet  apart*  The  idlers  should  not  be  supported; 
planks,  as  is  the  custom,  as  these  planks  rot  and  do  n^ 
bearings  securely.  They  have  to  be  replaced  in  time  anj 
cause  the  spilled  gravel  to  collect  around  the  idlers  and  | 
rapidly,  sometimes  keeping  the  pulleys  from  revolving,  \ 
belt  has  to  sUde  over  them.  * 

■ 

The  trouble  mentioned  could  be  avoided  by  doing  aw4 
flat  deck  plate  that  covers  the  stacker  and  substitutini 
plate,  high  at  the  center,  which  would  aUow  the  spill  to  r^ 
pond.    This  arrangement  would  eliminate  much  labor 
necessary  in  scraping  off  accumulated  material. 

The  return  idlers  underneath  the  stacker  are  made  st 
instead  of  using  a  number  of  short  pulleys  mounted  on  a 
done  in  the  usual  belt-conveyor  installation,  one  long  pu 
be  used.    The  short  pulleys  present  a  number  of  edges 
likely  to  cut  into  the  belt.    The  return  idlers  are  placed 
10  feet  apart.  i 

t 

aUIDB  BOUiBBrS.  j 

Guide  rollers  should  never  be  used  to  keep  the  belt  fro^ 
off  as  their  use  injures  the  belt.  If  the  head  and  tail  pull 
line  and  the  troughing  idlers  are  set  correctly  the  belt  wq 
the  center. 

Rollers  with  a  carrying  surface  that  approximates  a  semi 
generally  accepted  as  the  best  type,  although  some  operate 
the  spool-shaped  rollers,  making  a  flatter  belt.  The  spoi 
roller  has  a  long  center  roll  with  larger  rolls  on  each  end  wi 
up  the  belt  at  the  edges.  The  capacity  of  a  belt  running  i 
shaped  rolls  is  not  so  large  for  a  given  width,  but  such  rolls 
advantage  of  distributing  the  wear  over  a  greater  proportid 
width  of  belt  than  do  the  troughing  type  of  rollers. 

The  stacker  belt  (PL  XLIV,  B,  p.  76)  should  always  be  drii 
the  discharge  end.  Material  conveyed  on  an  inclined  belt  alw 
somewhat  at  each  troughing  roller.  The  tighter  the  belt  tU 
slips.  When  the  belt  is  driven  from  the  lower  pulley  the  i 
side  of  the  belt  is  the  slack  side  and  as  a  consequence  the  bei 
faster  and  the  carrying  capacity  is  decreased. 
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Fonnerly  the  driving  motor  was  directly  connected  through  a 
pinion  to  the  countershaft.  Even  with  a  cut  pinion  the  noise  and 
wear  were  excessive,  as  maintanance  of  correct  alignment  was  im- 
posEdhle.  The  next  method  of  applying  power  from  the  motor  was 
by  belt,  and  most  conveyors  are  at  present  so  driven.  The  disad- 
vantage of  the  belt  drive  is  that  the  necessary  exposure  to  the  weather 
seriously  affects  the  belt.  The  stacker  belts  on  the  latest  dredges 
are  driven  by  a  silent  chain  which  combines  the  advantages  of  the 
other  two  methods  and  does  away  with  the  disadvantages.  The  loss 
in  time  is  much  reduced  over  the  other  two  methods.  There  is 
practically  no  loss  of  time  from  the  chain  drive  if  the  chain  is  kept 
well  lubricated  and  is  replaced  when  worn. 

WIBB  HOPES. 

The  expense  of  upkeep  of  the  wire  ropes  is  necessarily  large  on  a 
dredge  but  on  many  dredges  much  expense  can  be  obviated  by  the 
selection  of  sheaves  of  proper  size.  The  rapid  wear  of  ropes  running  on 
small  sheaves  is  shown  by  the  difference  in  the  life  of  the  bow  swing 
lines  on  the  same  dredge.  The  port  bow  Une  usuaPy  runs  over  two 
or  three  more  sheaves  than  the  starboard  line  as  the  winch  is 
placed  on  the  starboard  side  of  the  dredge,  and  the  port  line  often 
lasts  only  one-half  or  one-third  as  long  as  the  starboard  line. 

The  diameter  of  the  running  sheave,  if  possible,  should  be  at  least 
forty  times  the  diameter  of  the  rope  (PL  XXXVIII,  (7,  p.  72) ;  thus, 
for  a  1-inch  rope  a  sheave  having  a  diameter  of  40  inches  shoidd  be 
used.  It  is  of  course  impracticable  with  some  equipment  to  carry 
out  this  proportion.  For  example,  shore  sheaves  of  such  a  size 
would  be  too  heavy  for  efficient  handling.  However,  on  many 
dredges  on  which  large  lines  and  small  sheaves  are  used  the  life  of 
rope  would  be  lengthened  if  the  rope  were  smaller.  This  factor  is 
hes  important  in  standing  ropes,  or  those  used  as  guys.  The  strength 
of  a  rope  where  it  bends  around  the  sheave  diminishes  directly  as 
the  size  of  the  sheave  is  decreased,  that  is,  the  bending  stress  aroimd 
a  12-inch  sheave  is  twice  as  much  as  around  a  24-inch  sheave 

There  is  not  much  difference  of  opinion  among  operators  regarding 
the  most  desirable  types  of  rope  to  perform  the  different  operations 
but  they  do  differ  as  to  what  quality  is  advisable — when  the  most  ex- 
pensive ropes  should  be  used,  and  when  less  expensive  lines  are 
economical.  The  following  table  shows  average  practice  as  to  ropes, 
'^plough  steel"  designating  the  best  rope  made  by  the  different  manu- 
facturers. 
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Data  on  average  practice  as  to  ivire  ropes  used  on  dredges. 


Where  used. 

Grade. 

Number  of 
strands. 

Number  of 
wires. 

I^adder  hoist 

Bow  swing 

Plougii  steel 

6 

e 

6 
6 
« 
6 

e 

19 
19 
19 
19 
19 
7 

do 

Stern  swing 

Bpud  hoist 

Crucible  cast  steel 

do 

slacker  hoist 

do 

Staclr^r sling.. ,.. ,  . 

do 

Bow  gantryguys .... 

Qalvanised  bridge 
cable. 

a  Wire  center. 

Almost  as  important  as  the  selection  of  the  proper  kind  of  rope 
is  the  care  given  it  in  use.  A  proper  lubricant,  of  which  there  are 
a  number  on  the  market ,  should  be  freely  employed  and  will  increase 
the  life  of  the  rope. 

Manganese  sheaves  are  easier  on  the  ropes  as  they  wear  smoothly 
and  in  the  grooves  there  is  an  absence  of  the  ridges  so  common  on 
cast-iron  sheaves  after  they  have  become  worn.  Each  sheave  should 
be  ground  in  the  bore  and  a  bronze  or  an  iron  bushing  should  be 
pressed  in.  Cast-steel  sheaves  are  preferable  if  they  are  not  sub- 
jected to  wear.  * 

The  use  of  a  socket  on  a  rope  in  a  permanent  position  is  good 
practice  provided  the  rope  is  properly  put  in  place.  The  end  of  the 
wire  should  be  spread  out  and  washed  with  muriatic  acid,  then 
placed  in  the  socket  and  zinc  or  spelter  poured  in.  Lead  or  babbit 
should  not  be  used  nor  should  the  wire  be  bent  back.  The  object 
of  using  zinc  or  spelter  is  that  either  fuses  to  the  wire,  whereas  lead 
depends  upon  the  friction  between  it  and  the  wires  for  holding 
power.  Failure  to  fasten  a  rope  properly  in  the  socket  has  been 
the  cause  of  several  serious  accidents. 

Different  makes  of  wire  rope  are  used  for  dredging  and  a  number 
of  the  rope  manufacturers  supply  a  special  brand  for  the  purpose, 
8,000  to  1 1,000  feet  of  rope  being  required  for  one  of  the  large  dredges. 
The  following  list  gives  the  ropes  furnished  by  one  company  for  use 
on  the  Conrey  No.  4  dredge,  a  total  of  more  than  10,000  feet  being 
required. 
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Situ  and  uMt  of  ropet  tual  on  Conrty  Nb.i  dredge. 
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As  the  lengths  of  ropes  vary  on  different  dredges  the  following 
table  of  the  most  important  ropes  on  Yuba  dredges  is  given,  a  total 
of  about  10,000  feet  being  used  for  all  purposes. 

Data  regarding  moil  imporUmt  rope*  need  on  Yuba  dredge*. 


Wliva  np*  [i  und. 


Bow  jMitry  mji- 
BUm  nntry  fnji 
Ttltcluloeiunw 
Poot-brtdiBi 

Sex' 

ShekwbolM.... 

BptedbaM 

BovawlnillDu. 


DUiimUc  Numbtr    Lengtb 
olropa.    TMiutrad.    olMcb. 


The  life  of  rope  depends  on  the  quaUty,  the  use  to  which  it  ia  sub- 
jected, and  the  care  it  is  given.  The  best  brands  of  ladder-hoist 
ropes  have  lasted  two  years  or  over,  whereas  some  rope  in  use  for 
side  lines  has  worn  out  in  90  days. 

OSNBBAL  DETAILS  OF  DBBDOE  CONSTBITOTION. 

Plate  XLVIII  (p.  80)  shows  a  plan  and  Plate  XLIX  an  elevation  of 
equipmmt  on  a  7J-foot  dredge,  showing  the  general  arrangement 
of  parts.  Plate  L  shows  a  plan  view  and  Plate  LI  a  side  view  of  the 
assembly  of  an  S-foot  dredge.  Plate  LIT  shows  a  flotation  diagram 
for  a  si-foot  dredge.  The  table  following  presents  general  statistics 
regarding  dredges  used  in  Montana: 
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SPECIAL  STEELS  FOB  DSEDGE  PAETS. 

PBOPEBTIES  OF  AliLOYS  OF  STBEL. 

The  gold-dredging  industry  has  played  an  important  part  in  the 
development  of  the  different  alloys  of  steel  on  account  of  the  excep- 
tionally severe  service  imposed.  On  the  earlier  dredges  cast  iron 
entered  largely  into  the  different  machine  parts,  and  the  wearing 
parts  were  made  of  carbon  steel.  Cast  iron  has  now  given  way  to 
cast  steel  and  all  parts  subjected  to  wear  and  those  subjected  to 
severe  strains  are  made  of  one  of  the  alloys.  Thus,  in  order  to  design 
an  efficient  modem  dredge,  a  thorough  knowledge  of  steel  and  its 
properties  is  necessary. 

MAKQANESE  STEEL. 

Manganese  steel  has  been  the  most  important  agent  in  bringing 
gold  dredges  to  their  present  high  efficiency.  Forged  or  rolled  man- 
ganese steel  is  little  used  on  a  dredge  but  there  are  many  places  where 
it  could  be  used  to  advantage,  especially  in  the  shape  of  thin  bars  for 
lining  riffles,  etc.  It  has  not  yet  been  proven  that  forged  manganese 
steel  can  take  the  place  of  cast  manganese  steel  to  any  extent,  so  only 
the  latter  is  here  considered. 

Manganese  steel  owes  its  importance  to  a  combination  of  proper- 
ties rather  than  to  any  one  characteristic.  It  is  not  so  hard  as  chilled 
iron;  in  fact,  its  ability  to  resist  abrasion  does  not  depend  on  its  hard- 
ness alone  but  on  its  toughness  and  hardness  and  what  is  known  as  its 
ability  to  flow,  and  also  on  its  ability  to  endure  repeated  distortions 
of  the  wearing  surface  without  surface  friction,  which  would  residt  in 
constant  loss  of  small  particles.  Its  comparative  hardness  is  shown 
by  the  scleroscope,  cast  steel  being  30,  manganese  steel  50,  and 
chilled  cast  iron  70. 

Its  property  of  flowing  and  its  ductility  must  be  guarded  against 
when  designing  dredge  parts;  for  instance,  a  bucket  bushing  must  be 
made  shorter  than  the  back  eye  of  the  bucket,  and  clearance  must  be 
allowed  all  around  wearing  plates  when  there  is  a  liability  of  their 
becoming  wedged  in  place  by  undue  expansion. 

Manganese  steel  will  withstand  abrasion  from  heavy  impacts 
much  longer  than  will  ordinary  steel.  Also,  attrition  caused  by 
sliding  material  has  less  effect  on  manganese  steel  than  on  ordinary 
steel.  Under  certain  conditions  it  does  not  resist  the  attrition  of 
fine  sands  or  sUmes  as  well  as  other  materials  do;  so  manganese  steel 
can  not  be  said  to  be  a  panacea  for  aU  abrasive  ills.  It  has  high  tensile 
strength — about  90,000  pounds  per  square  inch  for  cast  test  pieces 
which  have  not  been  forged — but  the  elastic  limit  is  low  and  not 
well  defined,  running  about  40,000  to  45,000. 
90 
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Partly  because  the  metal  is  poured  while  very  hot,  it  lends  itself  to 
the  casting  of  intricate  designs  and  thin  sections,  but  exceptional 
care  must  be  exercised  in  designing  parts  to  avoid  abrupt  changes  in 
the  thickness  of  sections,  for  the  castings  are  put  through  a  severe 
heat  treatment.  The  metal  as  cast  is  hard  and  brittle.  Hence  it  is 
heated  to  about  1,700°  F.  and  quickly  plunged  in  cold  water,  which 
usually  distorts  the  casting  so  that  considerable  restraightening  is 
required.  As  manganese  is  a  poor  conductor  of  heat  the  sections  of 
metal  to  be  annealed  can  not  be  thick,  not  much  more  than  4 
inches,  as  internal  cracks  appear  in  pieces  with  thicker  sections. 

Manganese-steel  castings  should  never  be  heated  for  any  purpose 
after  they  leave  the  foundry,  for  if  they  are  heated  to  any  other  than 
the  correct  temperature  they  lose  their  valuable  properties.  Man- 
ganese steel  differs  from  other  steel  in  that  the  skin  or  outside  is 
softer  than  the  metal  underneath,  as  it  decarbonizes  after  annealing; 
and  because  manganese  can  be  dented  with  a  chisel  it  has  sometimes 
incorrectly  been  thought  inferior.  The  greatest  drawback  to  a  more 
general  use  of  manganese  steel  is  that  it  can  not  be  machined  with  cut- 
ting tools,  but  such  efficient  grinding  apparatus  has  been  perfected 
that  this  objection  is  largely  nuUified.  Formerly  it  was  necessary  to 
cast  a  soft-steel  insert  where  boring  was  to  be  done,  and  this  practice  is 
still  followed  to  some  extent;  however,  it  is  usually  better  to  grind  the 
bore  for  all  wheels.  Manganese  can  readily  be  distinguished  from 
other  steels  for,  unlike  them,  it  will  not  attract  a  magnet. 

One  of  the  pecuUarities  is  that  it  wears  much  smoother  than 
does  ordinary  steel,  and  its  coefficient  of  friction  is  less.  This  may 
be  an  advantage  or  a  disadvantage.  For  instance,  on  a  dredge  with  a 
long  bucket  line  if  the  heel  plates  are  of  manganese  steel  the  buckets 
will  sometimes  slip  to  such  an  extent  that  undue  vibration  of  the 
main  drive  will  occur;  such  heel  plates  should  be  made  of  nickel- 
chrome  steel  or  some  other  serviceable  metal.  It  is  desirable,  how- 
ever, that  screen  tread  rollers  and  sheaves  wear  smooth,  and  this  prop- 
erty is  therefore  advantageous.  It  is  possible  to  cast  manganese 
screen  plates  (PL  XUI,  B,  p.  74)  J  of  an  inch  wide  with  f-inch  holes. 
These  wear  several  times  longer  than  plates  made  of  ordinary  steel 
and  are  rapidly  taking  their  place. 

The  best  method  of  determining  whether  manganese  is  the  proper 
material  to  use  xmder  certain  conditions  is  to  observe  it  in  service. 
It  has  often  proved  unsuccessful  where  the  conditions  were  thought 
to  be  ideal,  and  it  has  been  found  to  suit  admirably  where  little  prom- 
ise was  held  out  for  its  success. 

NICKEL  STEEL. 

Nickel  steel  takes  the  place  of  ordinary  steel  only  when  greater 
strength  is  required,  or  in  a  part  that  undergoes  repeated  shock,  as 
the  upper  tumbler  shaft,  in  which  the  stresses  are  repeatedly  reversed. 

1452**— 18— Bull.  127 7 
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The  tensile  strength  of  nickel-steel  shafting  is  90,000  to  100,000 
pounds  per  square  inch  against  60,000  to  65,000  pounds  per  square 
inch  for  ordianry  steel,  and  the  elastic  limit  is  much  greater,  pro- 
vided the  nickel  content  is  3  to  4  per  cent,  which  is  the  usual  per- 
centage for  shafting.  Nickel-steel  castings  usually  carry  a  smaller 
percentage. 

The  tensile  strength  does  not  represent  the  proper  basis  for  com- 
parison between  the  two  steek,  as  the  ability  of  nickel  steel  to  with- 
stand shock  is  much  greater  than  the  increased  tensile  strength  over 
that  of  ordinary  steel  would  seem  to  indicate. 

When  an  ordinary  steel  shafting  on  a  dredge  is  found  too  small  in 
diameter  it  is  advisable  to  substitute  nickel-steel  shafting  of  the 
same  size,  thus  obviating  any  change  of  bearings,  etc.,  that  would 
be  necessary  if  shafting  of  a  larger  diameter  were  used. 

The  shafts  of  the  upper  tumbler,  the  lower  tumbler,  and  the  ladder 
hoist  are  usually  made  of  forged  nickel  steel.  The  only  casting 
made  of  nickel  steel  is  the  upper  tumbler  when  the  shaft  is  cast  inte- 
gral with  it.  Nickel  alone  does  not  affect  the  hardness  of  steel  to 
any  great  degree. 

NICKEL-CHBOME  STEEL. 

Chromium  increases  the  hardness  and  wearing  qualities  of  steel 
to  a  marked  degree.  When  it  is  used  in  connection  with  nickel  both 
strength  and  hardness  are  obtained,  giving  steel  very  useful  for 
dredges.  It  makes  an  ideal  material  for  gears  performing  severe 
service,  and  is  extensively  used  for  bull  wheels  and  pinions,  ladder 
hoist  gears,  etc.  The  teeth  do  not  break  nor  wear  so  readily.  If 
manganese  wearing  plates  cause  excessive  slip,  nickel-chrome  plates 
can  be  substituted  to  advantage. 

The  hardness  of  nickel  chrome  can  be  controlled  to  a  nicety  by 
adding  the  correct  percentage  of  chromium,  but  usually  just  enough 
is  added  so  that  the  castings  are  machinable.  As  it  is  not  necessaiy 
to  put  nickel  chrome  through  such  a  severe  heat  treatment,  it  is 
practicable  to  make  castings  of  this  material  where  manganese 
castings  could  be  made  only  with  much  difficulty.  Round  lower 
tumblers,  buckets,  ladder  rollers,  screen  tires,  and  rollers  give  much 
better  service  when  cast  of  nickel  chrome  than  when  made  of  ordi- 
nary steel. 

HXaH-OABBON  STEEL. 

The  tensile  strength  and  hardness  of  ste^l  increase  with  an  increafle 
in  carbon,  but  the  ability  to  withstand  shock  decreases.  In  ''mild'' 
steel  castings  the  carbon  runs  between  0.18  and  0.25  per  cent.  When 
the  carbon  rises  to  0.80  per  cent,  machining  of  the  casting  becomes 
difficult.  For  upper-tumblor  castings,  which  are  protected  with 
manganese  on  nickel-chrome  wearing  plates,  high-carbon  steel  is  well 
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suited,  as  there  is  alight  chance  of  breakage  and  the  faces  hold  up 
weQ  under,  the  plates.  Most  equipment  for  which  high-carbon  steel  is 
used  would  have  a  longer  life  if  made  of  nickel-chrome  steel,  but  owing 
to  the  additional  cost  of  nickel-chrome  steel  it  is  not  always  the  more 
economical. 

EIECTBICAL  EQITIPHEirT  OH  DKEDGES.« 

EHectricity  is  used  almost  universally  as  motive  power  on  gold 
dredges,  except  in  isolated  districts  where  electric  current  is  not 
available  and  where  the  installation  of  hydroelectric  or  steam  gen- 
erating plants  would  be  neither  feasible  nor  economical. 

Although  many  changes  have  been  necessary  in  the  type  and 
arrangement  of  electric  apparatus  since  electricity  was  first  tried  on 
dredges,  the  use  of  electricity  has  from  the  first  proven  its  superi- 
ority to  steam  drive  as  regards  cost  of  power,  maintenance  chaise, 
and  ease  of  control.  The  modem  dredge  is  now  supplied  with  heavy- 
duty  motors  that  give  efficient  service  and  require  miniTrmm  attention. 

BTJCEXT-DBIVB  HOTOB. 

The  design  of  the  motor  for  driving  the  bucket  line,  for  which  power 
requirements  vary  through  wide  ranges  and  are  at  times  excessive, 
is  a  real  problem.  When  the  size  of  buckets,  the  speed  per  minute, 
and  the  character  of  the  ground  to  be  handled  are  known,  the  motor 
requirements  can  be  estimated  closely  for  operations  under  ordinary 
conditions.  However,  should  a  very  large  bowlder  or  a  reef  of  hard 
material  be  encountered  the  demand  on  the  motor  is  immediately 
increased,  and  unless  protective  devices  are  arranged  the  motor  will 
either  stall  or  break  some  part  of  the  bucket  line  or  driving  gear, 
depending  on  the  torque  that  the  motor  is  capable  of  developing 
and  the  strains  that  the  buckets  and  gearing  are  capable  of  with- 
standing. Although  it  is  hardly  probable  that  the  operator  would 
aDow  the  motor  to  remain  stalled  with  full  current  on  for  a  sufficient 
time  to  bum  it  out,  should  difficult  digging  of  one  sort  or  another — 
sticlqr  clay,  for  instance — be  encoimtered,  the  motor  might  be  peri- 
odically so  overloaded  that  the  resulting  high  temperature  would 
eventually  break  down  the  insulation  and  the  motor  would  bum 
out.  Burnouts  have  also  occurred  from  the  unsoldering  of  connec- 
tions in  the  rotors  by  reason  of  excessive  current  caused  by  an  over- 
load. 

The  maTTimum  reading  of  the  power  consumed  on  the  main  drive 
motors  on  the  Yuba  No.  14  dredge,  while  digging  and  raising  ladder, 
was  652  horsepower;  with  the  digging  friction  out,  the  maximum 
was'  428  horsepower;  and  with  buckets  running  empty  217  horse- 
power was  required. 

a  See  also  pp.  94,  loi. 
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In  addition  to  these  requirements  the  bucket-drive  motor  must  be 
capable  of  nmning  the  bucket  line  reversed,  and  also  of  slowly 
revolving  the  empty  line  for  inspection  and  repairs. 

These  and  other  problems  have  been  satisfactorily  solved  by  elec- 
trical engineers,  so  that,  generally  speaking,  by  following  standard 
specifications  adopted  by  the  foremost  dredge  manufacturers,  anyone, 
although  unfamiliar  with  the  conditions  surrounding  electrical  equip- 
ment on  gold  dredges,  would  probably  get  satisfactory  results. 

Motor  economy  is  of  importance,  and  motor  efficiency  is  vital. 
Above  all  things  it  is  necessary  to  keep  the  dredge  running;  a  dredge 
is  designed  primarily  as  a  money-making  machine,  and  in  order  to 
get  the  best  results  there  should  be  as  little  operating  delay  as  pos- 
sible. A  dredge  idle  is  making  no  money.  It  may  be  said  that  the 
loss  of  time  incident  to  motor  difficidties  is  not  excessive.  In  ex- 
treme instances,  or  with  new  installations,  it  may  run  as  high  as 
several  per  cent  of  the  total  time.  Motor  trouble  at  one  of  the  Cali- 
fornia dredging  companies  in  1914  caused  only  26  hours'  loss  of 
time,  or  1  per  cent  of  the  whole  delay. 

POWEB  CONSXTMPTION  BY  ELECTBIC^L  EQTTIFMENT. 

The  power  consumed  by  the  digging  motor  is  usually  35  to  50  per 
cent  of  the  total  power  consumption,  and  that  of  pump  motors  about 
25  per  cent,  except  when  monitors  are  employed,  when  it  may  run 
as  high  as  40  per  cent.  Centrifugal  pumps  are  used  on  account  of 
the  low  head  required  and  the  large  volume  of  water  to  be  handled, 
and  these  are  generally  driven  by  direct-connected  motors.  The 
drive  of  the  digging  ladder  is  either  directly  by  gear-connected  motors 
or  is  by  belt.  Both  of  these  drives  work  satisfactorily  and  each 
has  its  champions.  Those  favoring  the  direct  gear  believe  that  it 
shows  lower  operating  and  initial  costs.  In  regard  to  the  power 
consumed  by  these  different  methods  oomparisons  are  difficult,  as 
power  consumption  on  dredges  varies  greatly  on  the  same  dredge 
over  different  periods,  according  to  the  operating  conditions  en- 
countered. Comparisons  of  working  costs  and  power  consumption 
of  the  Conrey  dredges  using  the  direct  gear  drive  and  some  California 
dredges  using  the  belt  drive  are  shown  by  the  following  tables.  It 
is  difficult  to  make  satisfactory  comparisions  between  total  working 
costs  of  dredges  operating  in  different  fields,  and  even  more  so  to 
make  comparisons  of  power  consumption  of  the  bucket  drive,  as 
there  is  where  the  greatest  variance  occiub.  The  following  table" 
is  interesting  in  its  comparison  of  the  amount  of  power  consumed 
by  the  different  Natoma  dredges  during  one  month's  operation.  As 
the  operating  time  is  fairly  even,  a  study  of  the  yardage  in  comparison 
with  the  power  consumed  illustrates  the  difference  of  the  phy^cal 
condition  of  the  gravel  worked. 

a  Van  Bei-newits,  M.  W.,  Dredging  at  Natoma,  Cal.:  Min.  and  Scl.  Press,  vol.  107,  Dec.  27, 1913,  p.  1017. 
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Power  comumed  by  Natoma  dredges  during  one  mo7Uh*8  operation. 


ItMU. 


Bucket  eapwity,  cu- 
bic feel 

Height  of  bank  be- 
mjKdndsed: 
Above  water,  feet 
Below  water,  feet 

DaDy  operating 
time,  hocus 

Orayel  dredged,  ca- 
ble yards 

Power  coDMizned, 
kilowatts 

Power  consiimedDer 
catde  yard,  kilo- 
watts  


Dredge  No. 


13.6 

4 

16 

19 
232,014 
221,440 

0.M 


8.6 

3 
23 

20 

232,644 

143,620 

0.62 


3 


8.6 

6 
20 

19 

124,440 

137,000 

1.10 


13.5 

2 

18 

21 
206,274 
192,600 

0.93 


9 

12 
44 

21 

150,294 

238,800 

1.49 


6 


9 


0 
54 


21 
150,633 


20 
42 

20 

170.600 


219,600  272,000 


1.46 


1.59 


8 


15 

10 
63 

19 

142,629 
346,800 

2.4 


9 


16 

3 
68 

20.6 

238,004 

362,400 

1.62 


10 


16 

16 
21 

19 

253,376 

282,000 

1.11 


The  power  used  by  the  No.  2  dredge  was  only  0.62  kilowatt  as 
compared  with  2.4  kilowatts  a  cubic  yard  for  the  No.  8  dredge.  The 
total  operating  costs  for  these  dredges  over  longer  periods  are  given 
in  a  subsequent  discussion  of  working  costs.  The  following  table, 
covering  power  consumption  during  an  extended  period,  is  fmnished 
by  Mr.  Charles  Kanunerer,  of  the  Conrey  Placer  Mining  Co. 

Power  consumption  of  Conrey  dredges  from  time  of  starting  to  July  Sly  1915, 


ItenL 


Backet  capacity,  cubic  feet 

Total  time  operating,  hours 

Average  depth,  feet 

Cubic  yards  dredged 

Power  ooDsumed,  kilowatt  -hours  per  yard. 
Power  cost  per  cubic  yard,  cents 


Dredge  No. 

1 

2 

3 

7J 

^ 

60,867 

44.950 

41,754 

ki 

22.1 

40.8 

7,890,000 

6,268,000 

8,646,000 

1.55 

1.89 

1.73 

1.27 

1.55 

1.48 

16 

23,620 

46.3 

10,025,000 

1.36 

1.09 


Although  dredges  1  and  2  were  identical  in  size  and  equipment,  it 
is  evident  that  the  operating  conditions  were  different,  for  the  power 
consumption  on  the  one  was  1.55  kilowatt-hours  a  cubic  yard  as 
compared  with  1.89  kilowatt-hours  on  the  other.  The  working  con- 
ditions of  the  No.  3  and  the  No.  4  might  be  more  nearly  compared, 
but  these  dredges  were  different  both  in  size  and  type,  so  that  sig- 
nificant comparisons  are  again  impossible,  the  No.  3  dredge  being  a 
flume  dredge  and  the  No.  4  a  bucket-elevator  stacker  dredge  with 
the  stajidaxd  tjrpe  of  tables  and  with  the  most  powerful  digging  motor 
in  use  on  a  gold  dredge. 
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The  power  consumed  on  the  Dawson  dredges  of  the  Yukon  Gold 
Co.  was  as  follows  during  a  three-year  period,  approximating  doeely 
1  kilowatt-hour  a  cubic  yard  dredged: 

Power  consumption  of  Dawson  dredges  during  three-year  period. 


Year. 

Total  pow- 
er con- 
sumption. 

Total 
yardage. 

Power  oon- 

sumptton 

a  cubic 

yard. 

1913 

1914 

1916 

KUowaU- 
kourt. 
4,971,114 
4,973,153 
6,264,273 

6,133,676 
4,800,781 
6,041,076 

hourt. 
0.906 
1.03 
1.04 

The  varying  amount  of  power  consumed  on  the  same  dredge  when 
digging  ground  of  different  textures  is  shown  by  the  following  table 
prepared  from  figures  furnished  by  Mr.  W.  H.  James,  of  Oroville,  Cal. 

Potoer  c&nsumed  on  a  6-foot  dredge  operating  in  the  Oroville  district,  showing  that  difference 

information  regulates  power  used. 

'  MONTHLY  FIGURES. 


Power 

Cubic  yards 
worked. 

Power 
con- 
sumed. 

con- 
sumed a 
cubic 
yard. 

Nature  of  formatlab. 

KUowcU- 

KftoifHUt- 

hourt. 

kUVLTt. 

101,564 

89,880 

0.885 

Sand  filling. 

91,822 

77,040 

.839 

Do. 

85,314 

67,320 

.789 

Do. 

68,577 

86,640 

1.263 

Red  soil  and  clay  filling. 

66,768 

82,560 

1.255 

Do. 

62,638 

85,440 

1.364 

Do. 

YEARLY  FIGURES. 


874,845 
710,257 

882,837 
966,050 

1.01 
L34 

Sandy  filling. 

Soil  and  clay  filling. 

Most  of  the  California  dredges,  and,  in  fact,  a  large  part  of  all 
dredges  operating  to-day  have  the  bucket  ladder  belt-driven  from  a 
powerful  motor  on  the  main  deck,  and  this  method  has  proved  satis- 
factory. Although  it  was  found  necessary  after  a  smaller  motor  had 
failed  to  do  the  work  satisfactorily  to  equip  the  bucket  drive  of  the 
Conrey  dredge  with  a  650-horsepower  motor  capable  of  700  horsepower 
for  continuous  periods,  there  is  no  dredge  in  California  requiring  such 
a  large  motor  on  the  digging  end,  and  the  conditions  of  operation 
for  some  of  the  California  dredges  are  more  difficult  than  those  of 
Conrey  No.  4.  The  Yuba  No.  14  dredge  is  equipped  with  a  400- 
horsepower  motor,  and  the  large  Natomas  dredges  Nos.  8,  9,  and 
10,  which  have  been  subjected  to  perhaps  the  hardest  digging  of  any 


SPECUL  STEELS  FOR  DREDGE  PARTS.  97 

gold  dredges  in  the  world,  have  practically  the  same  equipment.  The 
power  consumption  is  estimated  on  those  dredges  at  89  kilowatt- 
hours  a  cuhic  yard. 

The  average  power  consumption  a  cubic  yard  on  the  No.  14  dredge 
for  a  period  of  nearly  two  years  was  1.45  kilowatt-hours.  The  18- 
foot  boat  of  the  Boston  &  Idaho  dredge  with  easy  digging  ground 
requires  a  belt-driven  motor  or  main  drive  of  only  300  horsepower, 
showing  how  the  motor  requirement  varies  under  difficult  digging 
conditions.  The  dredge  was  first  designed  with  14-foot  buckets; 
a  new  line  afterwards  added  had  18-foot  buckets,  but  no  change  in 
motor  drive  was  required. 

The  Yuba  No.  15  dredge  (PL  LIU,  A),  designed  to  dig  82  feet 
below  water  level  and  equipped  with  17-foot  buckets,  will  have  a 
500-horsepower  digging  motor,  which  is  100  horsepower  larger  than 
that  of  the  Yuba  No.  14  dredge. 

BBGBNT  TTPB  OF  DIB.ECT-GONNECTED  MOTOR  D&IVB. 

The  following  description  of  the  bucket  ladder  drive  at  Ruby, 
Mont,  illustrates  the  most  recent  practice  of  the  direct  gear-con- 
nected motor  drive. 

The  most  powerful  digging  motor  in  use  for  gold  dredging  is  on  the 
Conrey  No.  4  dredge.  This  motor  is  of  550  horsepower,  with  a  100 
per  cent  overload  factor,  and  especiaUy  designed  ventilation.  The 
control  arrangement  is  a  radical  departure  from  cast-iron  grids,  and 
consists  of  a  water  rheostat.  The  device  as  installed  at  Ruby  differs 
from  the  Westinghouse  water-rheostat  control  mainly  in  the  maimer 
of  cooling  of  the  electrolyte.  In  the  latter  type,  coils  of  pipe  are 
placed  in  the  large  electrolyte  tank  and  cooling  water  is  pumped 
through  them,  but  in  the  Conrey  installation  the  cooling  coUs  are  in 
the  dredge  pond,  being  fastened  to  the  side  of  the  dredge.  Pipes  con- 
nect the  coils  to  the  electrolyte  tank,  and  a  small  pump  constantly 
circulates  the  electrolyte  through  the  coils.  This  arrangement  insures 
greater  cooling  surface;  also,  there  is  no  chance  for  the  coils  to  become 
choked  by  the  electrolyte,  as  occurred  when  this  method  was  tried  in 
another  dredging  field,  where  the  water  pumped  from  the  dredge 
pond  through  the  coils  was  muddy. 

Previous  to  the  construction  of  the  Conrey  No.  3  dredge,  the 
bucket  drive  on  the  Ruby  dredges  was  by  sprocket  chains,  whereas 
California  dredges  then,  as  is  now  the  general  practice  in  that  State, 
were  driven  by  a  rubber  belt  from  motors  placed  on  the  main  deck. 
When  the  No.  3  dredge  was  constructed,  the  direct  connection  of 
the  digging  motor  to  the  bucket  chain  by  cut-steel  gearing  was  first 
used  (PI.  LIV,  A).  To  eliminate  undue  shocks  and  overloads  on 
the  motor,  should  the  bucket  chain  run  against  large  bowlders,  or 
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reefs  in  the  bedrock,  a  large  friction-disk  clutch  was  put  on  the  first 
countershaft  from  the  motor,  and  a  circuit  breaker  was  placed  on  the 
power  line  of  the  digging  motor.  One  of  the  essentials  of  perfect 
service  from  direct  gearing  is  cut  gears  with  perfect  alignment.  On 
the  No.  3  such  alignment  was  insured  by  building  a  large  steel  base 
to  carry  the  digging  motor  and  by  using  two  counter  shafts  and. an 
upper  tumbler  shaft.  After  seven  years  of  continuous  service,  this 
direct  drive  is  giving  entire  satisfaction.  It  has  been  used  on  the 
No.  4  dredge  since  the  large  motor  was  installed.  Some  of  the  large 
dredges  constructed  in  other  fields  have  adopted  the  Ruby  practice 
of  direct  gear  drive. 

KIND  OF  ELBCTBIC  CUBBENT  T7SBD. 

The  problem  of  control  in  large  motors  for  digging  service  would 
be  simpler  if  direct-current  motors  could  be  advantageously  used. 
However,  as  the  use  of  these  motors  is  impracticable  the  control 
must  be  designed  for  alternating-current  niotors.  One  of  the  reasons 
is  that  alternating  current  is  furnished  by  the  power  companies,  as 
direct  current  can  not  be  economically  transmitted  from  distant 
generating  plants.  The  use  of  direct-current  motors,  therefore, 
would  require  a  motor-generator  set  to  transform  the  current.  The 
direct-current  motors  are  larger,  more  complicated,  and,  besides 
being  more  expensive  in  first  cost,  require  more  skillful  supervision. 
In  this  connection  Mr.  E.  G.  Thunen,**  of  Hammonton,  Cal.,  makes 
the  following  statement: 

A  comprehehenBive  discussion  of  the  relative  advantages  and  disadvantages  of  the 
several  different  direct-current  systems  as  contrasted  with  the  number  of  alternating- 
current  systems  and  motors  which  are  now  available  would  be  very  long  indeed. 
Probably  the  chief  grounds  for  the  discussion  of  the  comparative  advantages  of  direct- 
current  and  alternating-current  power  systems  for  dredging  are  the  relative  economies 
of  power  transmission  and  excellence  of  motor-performance  characteristics,  particu- 
larly as  regards  speed  and  torque.  The  high-vpltage  direct-current  systems  would 
certainly  have  good  power-transmission  economy,  and  the  alternating-current  series 
motor,  brush-shifting  polyphase  series  motor,  and  others  can  be  built  with  speed- 
torque  characteristics  approaching  those  of  the  direct-current  motors.  Of  all  the 
motors,  direct  current  or  alternating  current,  the  induction  motor  is  the  simplest, 
least  liable  to  get  out  of  order,  and  cheapest.  Direct-current  motors  would  be  almost 
ideal  for  some  of  the  drives  on  a  dredge,  especially  the  digging  motor,  if  proper  protec- 
tive devices,  both  circuit  breakers  and  slipping  frictions,  were  employed. 

In  the  event  of  encountering  rock  reefs  the  importance  of  protective  devices  would 
be  many  times  greater  with  direct-current  bucket  drive  than  with  alternating-current 
drive,  not  only  to  protect  the  motor,  but  also  for  the  protection  of  the  bucket  line  and 
gearing.  The  reason  for  this  is  the  very  high  torque  which  the  direct-current  motor 
is  capable  of  developing  at  reduced  speed,  while  the  torque  of  the  alternating-current 
motor  is  limited. 

Drum-type  controllers  are  thought  by  many  engineers  to  be  sufficient  for  digging 
motors  up  to  200  horsepower.  There  are  a  number  of  digging  motors  of  this  size 
operating  satisfactorily  with  driun  controllers  which  have  also  been  used  on  digging 
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A,    YUBA  NO.  15  DREDGE.  17-FOOT  BUCKETS. 


B.    GOLD-SAVING  TABLES  AND  SLUICES,  CONREY  NO.  4  DREDGE. 


A.    DIGGING  MOTOR  OP  CONREY  NO.  3  DREDGE.  WITH  CUT-STEEL  GEAFt. 


B.    POWER-CABLE  FLOATS,  EL  ORO  DREDGE. 
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motors  as  large  as  300  horsepower.  For  large  motors,  that  is,  those  of  over  200  horse- 
power, magnetic  control  or  liquid  rheostats  are  used,  the  latter  being  described  above 
while  the  former  are  in  general  use  in  California;  experiments  made  in  that  field 
with  the  liquid  rheostat  have  not  been  satisfactory,  perhaps  for  the  reason  mentioned 
above.  Magnet-switch  or  grid  control  has  been  used  satisfactorily  on  digging  motors 
of  the  large  California  dredges  operating  imder  severe  conditions,  and  no  trouble  has 
been  experienced  with  same. 

There  is  no  doubt  that  a  satisfactory  combination  of  magnetic  switch  for  the  primary 
circuit  of  the  motor,  forward  and  reverse  with  overload  relays,  and  of  drum  controller  for 
cutting  out  secondary  resii^tance,  could  be  made  for  motors  of  300  horsepower  and  over. 
This  of  course  wotdd  do  away  with  the  automatic  feature  of  uniform  torque  and  current 
which,  however,  is  not  necessarily  a  disadvantage  but  is  in  fact  a  great  advantage  in 
certain  cases.  * 

The  application  of  an  ideal  motor  drive  for  the  belt-conveyor  tailing  stacker  is 
somewhat  difficult.  The  requirement  is  severe  for  the  reason  that  it  is  so  often  neces- 
sary to  start  with  abnormal  loads,  and  owing  to  the  fact  that  the  motor  is  generally 
placed  at  the  far  end  of  the  stacker.  The  desire  to  run  at  reduced  speeds  under  light 
load  complicates  the  problem.  A  case  in  point  is  that  of  Yuba  No.  14,  where  the 
stacker  is  160  feet  long;  a  high  starting  torque  is  required  and  it  sometimes  takes 
several  minutes  to  bring  the  belt  up  to  speed.  Squirrel-cage  motors  with  heavy- 
torque  characteristics  have  been  successfully  used  for  this  stacker  drive,  but  some 
engineers  prefer  the  slip-ring  type,  as  a  smaller  motor  can  be  used  and  they  figure  a 
consequent  loss  of  power  with  the  squirrel-cage  type.  The  drive  from  the  stacker- 
belt  motor  may  be  by  silent  chain  belt,  direct-gear,  or  ordinary  belt.  Each  has  its 
advocates  and  advantages.  The  stacker  motor  is  small  compared  with  the  total  motor 
equipment  on  a  dredge,  and  a  slight  loss  of  efficiency  is  not  as  vital  here  as  at  the 
di^;ing  end.  Revolving  screens  are  motor-driven  from  either  the  upper  or  the  lower 
end.  Better  practice  seems  to  be  from  the  lower  end.  On  large  dredges  the  screen 
motor  must  be  designed  to  take  a  heavy  starting  load.  When  the  screen  is  at  rest 
and  loaded  with  clay  and  rocks,  as  is  often  the  case,  considerable  power  is  required  to 
bring  it  up  to  speed .  Some  dredges  are  supplied  with  separate  motors  for  ladder  hoists. 
This  is  necessary  when  using  a  direct  main-drive  motor,  and  is  also  advantageous  on 
other  dredges,  permitting  greater  flexibility  of  operation  and  consequent  saving  of 
time  on  account  of  being  able  to  hoist  or  lower  the  ladder  without  interfering  with  the 
main-drive  action.  Electric  current  for  dredge  operation  is  usually  transmitted  from 
the  main  lines  to  a  substation  and  from  there  transformed  to  the  proper  voltage  for 
dredge  use,  from  which  it  may  be  afterward  stepped  down  on  board  the  dredge.  On 
the  Yuba  River  the  current  is  generally  brought  on  board  at  4,000  volts  and  stepped 
down  to  440  for  general  use  on  the  dredge.  Most  of  the  dredges  of  the  Natomas  Con- 
solidated take  the  ciurent  aboard  at  2,200  volts  for  use  on  all  motors  of  50  horsepower 
and  over,  whereas  for  smaller  motors  the  current  is  stepped  down  to  440  volts  as  above. 

VOLTAGE  OF  GT7B&ENT  T7SED  ON  D&EDGES. 

At  Ruby,  Mont.,  the  current  is  transmitted  at  46,000  volts  to  the 
substation,  where  it  is  stepped  down  to  2,200  volts,  the  voltage  used 
aboard  the  dredges.  Operating  all  motors  at  2,200  volts  makes  it 
unnecessary  to  have  transformers  on  board,  and  it  is  thought  by 
some  that,  although  the  high  voltage  is  more  dangerous  to  workmen, 
there  is  less  loss  of  power,  and  also  less  danger  of  fire,  except  on  the 
all-steel  dredge  where  the  danger  from  fire  is  obviated.  Using  the 
higher  voltage  motors  and  dispensing  with  transformers  reduces 
the  weight  of  machinery  on  the  hull.     All  motors  on  the  large  dredge 


100 


GOLD  DEEDGING  IN  THE  UNITED  STATES. 


of  the  Boston  and  Idaho  Co.  are  designed  for  2,200  voks.    At 
Breckenridge  the  Tonopah  Co.  huys  current  at  13,000  volts,  which 
is  stepped  down  to  440  on  all  motors. 
Thunen  *  states  further — 

In  selecting  the  electrical  equipment  for  a  dredge  (or  for  any  other  purpose  for 
that  mattier)  it  should  be  borne  in  mind  that  for  the  same  economy  of  power  trans- 
mission the  cross  section  of  line  and  power-cable  conductors  for  the  2,000- volt  system 
must  be  four  times  as  great  as  that  neceesary  for  the  4,000-yolt  system.  The  otlier 
line  construction  materials — ^namely,  insulators,  poles,  and  cross  arms — ^will  be  ^le 
same  for  both  voltages. 

Electric  power  is  brought  on  board  a  dredge  by  means  of  armored 
insulated  cables.  Some  operators  use  floats  or  small  pontoons 
(PI.  LIV,  B)  to  support  the  cable  across  the  pond;  others  consider 
it  better  practice  to  carry  the  cable  under  water,  because  the  insula- 
tion, if  the  floats  are  not  well  arranged  and  the  cable  gets  wet  and 
dry  alternately,  rots  quickly  unless  thoroughly  protected  by  rubber 
hose.  In  some  places,  as  at  Idaho  City,  Idaho,  the  current  is  taken 
on  board  the  front  end  of  the  dredge  and  no  floats  are  required;  but 
winter  conditions  there  are  severe  upon  the  cable  insulation.  A 
power  cable  supported  on  properly  constructed  floats,  or  pontoons 
between  the  shore  and  the  dredge,  is  vastly  easier  to  move  than  if 
unsupported.  This  is  particularly  noticeable  on  a  laige  dredge 
digging  wider  than  a  single  cut.  The  power  cable  for  the  lai^ 
dredges  weighs  about  5  pounds  a  foot. 

The  table  following  shows  the  motor  equipment  on  a  number 
of  different  dredges : 

Electrical  motor  equipment  on  dredges  of  Natcmas  Consolidated  of  California, 


Name  of  dredge. 


Natoma  No.  1 . 
NatomaNo.  2. 
Natoma  No.  3 . 
NatomaNo.  4. 
Natoma  No.  6. 
Natoma  No.  6. 
NatomaNo.  7. 
NatomaNo.  8. 
NatomaNo.  9. 
Natoma  No.  10 


Size  of 
buck- 
ets. 


Cu.ft. 

15 

8 

8 

15 

9 

9 

9 

15 

15 

15 


Aver- 
age 

depth 

of 

cut. 


Feet. 
32 
35 
40 
42 
50 
50 
58 
60 
60 
60 


Bice  of  motors. 


Bucket. 


Hp. 
300 
200 

■  200 
300 
200 
200 
300 
400 
400 
400 


Swing. 


Hp. 
35 
SO 
25 
30 
30 
30 
30 
75 
75 
75 


Screen. 


Hp. 


75 
50 
50 
75 
50 
30 
50 
76 
75 
75 


Stacker. 


Hp. 
25 
35 
35 

(2)25 
40 
50 
50 
60 
60 
60 


Pumps. 


Oroup 


75 
76 
150 
100 
100 
100 
150 
150 
150 


Group 
2. 


Hp. 
85 
35 
85 
100 
25 
60 
60 
75 
75 
75 


Group 
3. 


Hp. 


30 
10 
SO 
50 
50 
40 

ao 

60 
50 
SO 


a  Thimen,  E.  G.,  Personal  communication. 
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The  foUowuig  description  by  Oardner  and  Shepard  "  of  the  elec- 
trical equipment  of  the  Yuba  No.  14  dredge  will  be  of  interest,  as  it 
represents  the  latest  practice  in  the  California  field: 

The  electricalr  equipment  of  the  Yuba  No.  14  in  something  of  a  departure  from  the 
equipment  heretofore  considered  standard  for  California  gold  dredges.  This  depar- 
ture from  former  practice  was  made  in  the  light  of  experience  gained  in  the  opera- 
tion of  four  dredges  of  the  largest  type,  which  were  built  by  the  Yuba  Construction 
Co.  for  the  Natomas  Consolidated  of  California  and  one  similar  dredge  built  for  the 
Yuba  Consolidated  Gold  Fields.  All  electrical  equipment  was  made  by  the  General 
Electric  Co. 

Power  is  supplied  by  the  Pacific  Gas  &  Electric  Co.  as  a  three-phase,  60-cycle, 
4,000-volt  current.  The  power  is  brought  on  board  the  boat  through  750  feet  of  No.  0 
B.  db  S.  gage,  threoH^onductor  cable,  each  conductor  being  stranded  and  insulated 
with  ^inch  30  per  cent  Para  rubber,  conductors  twisted  together,  rounded  out  with 
jute,  and  covered  with  a  layer  of  (-inch  varnished  cambric.  Over  this  is  a  layer  of 
jute,  and  the  cable  is  armored  with  No.  10  B.  W.  G.  armor  put  on  with  short  pitch. 
This  cable  is  insulated  for  4,500  volts  working  pressure.  The  shore  cable  is  brought 
aboard  the  dredge  on  pontoons  and  enters  a  switch  house  on  the  upper  deck  near  the 
stem  of  the  dredge,  where  there  is  installed  a  nonautomatic,  SOO^unpere,  7,500-volt 
oil  switch  with  hand-operated  remote  control.  The  switch  is  mounted  on  pipe  frame- 
work away  from  the  panel  canying  the  operating  lever.  There  are  installed  in  this 
Bvitch  house  two  4,400/1 10- volt,  200-watt  potential  transformers  with  fuses,  and  two 
150-ampere  current  transformers.  The  secondaries  of  these  transformers  are  con- 
nected to  indicating  instruments  mounted  in  the  winch  room.  From  the  switch 
house  the  current  is  fed  through  triple-conductor  varnished  cambric  cable  in  conduit 
to  the  primary  side  of  the  main  transformer.  There  is  installed  one  15-kilowatt, 
4,000-voIt  primary,  230/115-volt  secondary,  oil-cooled  transformer  to  supply  lights. 
From  the  secondary  side  of  ^e  main  transformers,  various  feeder  circuits  supply 
the  different  motors,  triplenconductor  varnished  cambric  being  used  in  iron  conduits. 

The  control  panel  for  the  main-drive  or  digging  motor,  and  for  the  winch  motor,  is 
placed  in  the  winch  room,- as  is  also  the  instrument  panel.  The  instrument  panel 
contaLos  the  following  instruments,  which  are  supplied,  as  mentioned  above,  from 
the  instrument  transformers  placed  in  the  entrance  switch  hotise:  One  5-ampere 
aItematingK:urrent  anmieter  with  150-ampere  scale,  one  17&-volt  alternating-current 
voltmeter  with  8-point  potential  receptacle  and  plug,  one  alternating-current  poly- 
phase indicating  wattmeter  with  1,200-kiIowatt  scale.  The  readings  of  these  instru- 
ments give  the  total  input  to  the  dredge. 

The  double-circuit  control  panel  for  ihe  main-drive  and  winch  motors  has  the  fol- 
lowing equipment:  One  60-ampere  alternating-current  ammeter  (winch  motor);  one 
5-ampere  alternating-current  ammeter,  800-ampere  scale  (main-drive  mortor);  one 
2iK>4mpere  automatic  oil  switch  with  double-coil  series  trip  (winch  motor);  one 
600-volt,  800-ampere  automatic  oil  switch  with  double-coil  trip  (main-drive  motor); 
and  two  800-ampere  current  transformers  in  main-drive  motor  circuit. 

The  panels  for  the  piunp  motors  are  placed  on  the  lower  deck,  the  starting  compen- 
sators for  the  pump  motors  being  mounted  alongside  the  panels.  These  compensators 
are  all  provided  with  inverse  time-limit  relays.  The  pump-motor  panels  consist  of 
the  following:  Two  3-phase  2-circuit  motor  panels,  each  panel  mounting  two  500- volt, 
200-ampere  lever  switches  controlling  the  high  pressure,  the  low  pressure,  the  6-inch 
two-stage,  and  the  vertical  pumps. 

The  stacker  and  screen  motors  are  controlled  from  independent  panels  in  the  stem 
of  the  dredge,  each  panel  having  the  following  equipment:  One  200-ampere  auto- 
matic oil  switch,  with  2-coil  series  trip,  and  a  mounting  on  ^e  front  panel  for  one 

•  Owdner,  W.  H.,  and  Shepard,  W.  If.,  The  largest  electrically  operated  gold  dredge:  Min.  and  Sd., 
PreoB,  ToL  lOB,  June  27,  19a:,  pp.  105&-10S6. 
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reversible  type  controller.  The  oil-switch  operating  lever  is  directly  above  the  con- 
troller. Theee  motors  are  of  the  slip-ring,  variablenspeed  type,  provided  with  resist- 
ance for  continuous  operation  at  50  per  cent  to  full  speed,  and  with  reversible  con- 
trollers. They  operate  at  600  revolutions  per  minute,  the  screen  motor  being  75 
horsepower  and  the  stacker  motor  60  horsepower.  In  most  of  the  fonner  gold  dredges 
these  motors  were  of  the  constant-speed  squirrel-cage  type.  However,  in  the  more 
recent  laige  dredges,  owing  to  difficulties  sometimes  experienced  with  squirrel-cage 
motors  on  account  of  the  heavy  starting  conditions,  and  the  desirability  at  times  of 
running  for  short  periods  at  reduced  speeds,  slip-ring  motors,  with  resistances  far 
2-minute  starting  duty,  were  used.  In  heavy  work,  however,  these  were  found  too 
light,  and  for  Yuba  No.  14,  resistances  for  continuous  operation  were  installed  and 
reversible  controllers  used.  Thero  is  also  provided,  for  the  repair  shop  on  board 
the  dredge,  a  2-horBepower,  180-re volutions  per-minute,  three-phase  motor  with 
pulley  and  base. 

All  of  the  panels  are  natural  black  slate  mounted  on  pipe  supports. 

The  digging  or  main  drive  of  the  dredge  is  a  400-horBepower,  514-revQlution- 
per-minute,  3-phase,  60-cycle,  440-volt,  slip-ring,  variable-speed,  induction  motor, 
with  three  bearings,  pulley,  and  sliding  rails,  with  a  master  controller  and  contactor 
panels,  and  is  provided  with  resistance  good  for  continuous  operation  at  ail  si>eeds, 
from  50  per  cent  normal  to  normal. 

The  contactor  equipment  is  provided  with  current-limiting  relays,  which  limit 
the  maximum  load  that  the  motor  can  take,  and  so  protect  both  the  motor  itself,  and 
the  complete  digging  mechanism  that  it  drives.  This  is  of  considerable  importance 
in  keeping  down  the  cost  of  repairs,  and  preventing  loss  of  time  incident  to  repairs. 
The  digging  mechanism  is  subject  at  times  to  sudden  and  excessive  loads,  and  without 
the  current-limiting  feature  provided  by  the  contactor  control,  the  only  protection 
would  be  given  by  the  overload  oil  switch.  Owing  to  the  annoyance  of  having  this 
switch  tripping  out  frequently,  it  is  usually  set  so  high  as  to  afford  little  protection. 
The  current-limiting  relays  also  protect  the  motor  and  digging  mechanism  when 
starting.  The  winchman  can  throw  the  master  controller  to  the  full  *'on"  position, 
and  the  motor  will  come  up  to  speed  at  a  predetermined  rate,  which  will  not  impose 
excessive  stress  on  any  part  of  the  mechanism. 

Another  motor  operates  the  winch,  raises  the  spuds,  and  swings  the  boat.  This 
motor  is  a  35-horsepower,  600-revolution-per-minute,  3-phase,  60-cycle,  slip-ring, 
variable-speed  induction  motor,  with  a  controller  and  resistance  for  continuous  opera- 
tion at  50  per  cent  to  full  speed.  The  motor  is  provided  with  pulley  and  base.  In 
a  few  instances  on  smaller  dredges,  motors  of  intermittent  rating  were  furnished  for 
operating  the  winch.  These  motors,  however,  have  not  been  found  suitable  for  this 
service,  as  the  winch  operates  almost  continuously. 

All  the  pump  motors  are  squirrel-cage  motors,  the  high-pressure  pump  having  a 
150-horsepow9r,600-revolution-per-minute  motor,  the  low-pressure  pump,  a  75-horBe- 
power,  600-revoIution-per-minute  motor,  the  6-inch  two-stage  pump,  a  50-horsepower, 
l,20(V-revolution-per-minute  motor,  and  the  vertical  pump  a  lO-horsepower  vertical 
motor.  These  motors  are  all  direct  connected  to  the  pumps,  and  with  the  exception 
of  the  10-horsepower  motor,  are  all  provided  with  welded  end-ring  construction  in 
the  rotor. 

Practically  the  same  conditions  governing  the  electrical  equipment  on  No.  14 
obtain  on  No.  15  dredge,  except  that  the  latter  dredge  is  designed  for  deeper  digging. 
In  addition  to  ^e  larger  (500-hor8epower)  digging  motor  on  the  No.  15  dredge,  there 
will  be  a  separate  motor  drive  for  raising  and  lowaring  the  stacker,  an  additional  hold 
pump  (two  hold  pumps  on  No.  15),  direct-current  control  for  the  main-drive  con- 
tactor panel  and  switch  arrangements  to  start  the  pump  motors  from  the  middle  point 
of  the  main  transformers  in  place  of  using  compensators.  The  transformers  will  also 
be  a  little  laiger  than  those  on  No.  14. 
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PlateH  LV»  and  LVI*  and  figures  11=,  12,  13,  and  l¥,  which  in- 
clude views  of  different  dredges  using  electrical  equipment  show  the 
pliciog  of  the  motors. 

u. 


la  of  inahliig  tcneo  at  Crstnj  No.  4  dredge,  sbowlng  plactng  d[  liXVhiirvpoinn 

•  Jomlng],  Hetuwn,  The  IiisMry  and  deTelopmeot  of  gold  dredging  In  UouUna:  Bull.  121.  Bureau  ol 
Vines.  Ills,  p.  IB. 
t  Ittmtngs,  HeDDen,  wirk  quotsd.p.  M. 
'  Jsudo^,  Hennen,  mRt:  qua(«d,  p.  Id. 
iStaln,  Chnka,  RsTlew  otgold-dndfliig  In  1813:  Uln.  and  Bd.  Press,  vol.  lot.  Jan.  4, 1913,  p.  47. 
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BEBTTILT  DBEDGES. 

FBASXBIUTY  OF  MOYXNG  DBEDGES  OB  MACHINBBY. 

A  matter  of  considerable  interest  at  present  is  the  moving  of 
machinery  from  dredges  that  have  worked  out  the  areas  for  which 
they  were  built  or  have  been  dismantled  and  replaced  by  other 
dredges.  Areas  that  a  few  years  ago  were  deemed  too  small  for 
projStable  dredging  are  being  considered  on  the  basis  of  modem  prac- 
tice and  with  the  idea  of  reconstructing  a  used  dredge.  The  ma- 
chinery of  some  of  these  dredges  that  have  been  or  are  to  be  dis- 
mantled is  in  good  condition  and  fit  for  many  years  of  service;  and 
on  properti^  not  too  difficult  of  access  it  can  be  refitted  to  new  hulls 
and  practically  new  dredges  built,  in  some  instances  at  less  than  50 
per  cent  of  the  original  cost.  These  rebuilt  dredges  may  not  always 
be  adapted  to  handle  the  gravel  at  as  low  operating  cost  as  might  be 
attained  with  new  dredges,  but  the  smaller  expense  of  installation 
win  prove  a  large  factor  in  their  selection  and  use.  The  machinery 
of  two  dredges  that  proved  unprofitable  at  Golden,  Colo.,  was  moved 
to  new  hulls,  one  dredge  being  rebuilt  in  the  Breckenridge  district  in 
the  same  State  and  the  other  at  Jenny  Lind,  Cal.,  and  both  dredges 
yielded  a  profit  in  their  new  locations. 

EXAMFUBS  OF  SECOND  T7SE  OF  DBEDGES  OB  MACHINBBY. 

Dredge  machinery  from  dismantled  hulls  in  California  has  been 
moved  to  Alaska,  and  a  number  of  dredges  have  been  dismantled  and 
rebuilt  on  other  areas  in  the  same  or  in  a  different  State.  Several 
of  these  dredges  were  financial  failures  in  the  first  locality  and  proved 
successful  afterwards,  as  were  the  Golden  dredges,  but  with  one 
dredge  at  least  poor  judgment  seemed  to  follow  its  career. 

TIN   CUP  DBEDOE. 

This  was  the  Tin  Cup,  a  3-foot  dredge,  originally  built  near  Sho- 
shone, Wyo.,  at  a  cost  of  approximately  $49,000.  The  recovery 
from  the  ground  for  which  it  was  built  was  less  than  1  cent  a  yard. 
The  dredge  was  afterwards  purchased  for  about  $11,000  and  moved 
to  Gunnison  Coimty,  Colo.,  at  a  total  cost  stated  to  be  approximately 
$65,000,  or  more  than  a  similar  dredge  would  have  cost  new.  The 
second  field  of  operations  was  seemingly  no  better  chosen  than  the 
fiist,  as  the  dredge  was  sold  at  a  sherifii's  sale  in  1915. 

1452**— 18— Bull.  127 8  107 
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SCOTT   RIVER   DREDGE. 

Examples  of  a  more  favorable  kind  may  be  mentioned.  The  Scott 
River  dredge,  first  operated  at  Callahan,  Siskiyou  County,  Cal.,  was 
unprofitable,  and  it  was  shut  down  in  May,  1910,  after  it  had  worked 
a  little  less  than  two  years.  This  dredge,  which  was  equipped  with 
7i  cubic  foot  buckets,  was  purchased  by  the  Alta  Bert  Gold  Dredging 
Co.,  and  the  machinery  moved  to  Trinity  County,  Cal.  The  total 
cost  of  the  rebuilt  dredge  was  approximately  $90,000,  including  pur- 
chase price  of  machinery,  freight  charges,  cost  of  hauling  28  miles  at 
1  cent  a  pound,  and  cost  of  building  a  new  modem  hull  and  a  power 
line  5  miles  long.  This  dredge  has  been  working  successfully  for 
several  years. 

BUTTE    DREDGE. 

The  Butte  dredge,  which  was  equipped  with  3^  cubic  foot  buckets, 
was  built  and  put  in  operation  at  Oroville,  Cal.,  in  November,  1902, 
at  a  cost  $52,000,  and  was  dismantled  in  July,  1910,  after  handling 
nearly  3,250,000  cubic  yards.  The  machinery,  valued  at  $6,000, 
was  moved  to  Jenny  Lind,  Calaveras  County.  The  cost  of  the 
rebuilt  dredge,  including  all  charges,  is  given  below.  It  will  be 
noticed  that  the  cost  of  new  machinery,  which  consisted  principally 
of  new  buckets,  was  $9,446. 

Cost  of  rebuilt  Butte  dredge. 

Estimating  and  traveling  expenses $237. 23 

Stationery,  drafting,  etc 905. 80 

Superintendence 1, 910. 00 

Hull  and  superstructure: 

Lumber 4, 655. 61 

Hull  irons  and  spikes 1, 005. 41 

Labor 4, 650. 95 

Paints  and  materials 347. 16 

Hardware  and  sundries 1, 212.  73 

Machinery  installation: 

Repairs 1910.28 

Freight,  hauling,  etc 3,012.44 

Labor  and  sundry  materials 5, 033. 00 

Electric  wiring  and  equipment 1, 014. 32 

Total  cost  of  moving  and  rebuilding 25, 356. 52 

Outside  expense: 

Camp $727.24 

Water  plant 77L71 

Power  Line,  transformers,  etc 2, 673. 50 

Changes  in  construction 1, 900. 22 

6,072.67 

9, 446. 40 

Value  assessed  to  old  machinery 6, 000. 00 

Total  cost  of  rebuilding  dredge 46, 875. 59 
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EL  OBO   NO.  1   DBEDOE. 

The  machinery  of  the  El  Oro  No.  1  dredge,  a  5-foot  dredge,  was 
moyed  from  Oroville,  Cal.,  to  a  new  location  at  Yreka,  Cal.,  where 
the  dredge  was  rebuilt,  after  being  redesigned.  The  cost  of  moving 
the  machinery  and  rebuilding  the  dredge  was  approximately  $55,000, 
the  original  company  carrying  out  the  work  of  rebuilding  and  opera- 
tion. Other  companies  operating  dredges  in  California  have  moved 
machinery  from  their  dismantled  dredges  and  advantageously  recon- 
structed the  dredge  in  a  new  locaUty.  One  of  these  dredges,  the 
Pacific  No.  1,  was  moved  from  Oroville  to  new  ground  on  the  Ameri- 
can River,  the  total  time  required  from  commencing  to  dismantle 
the  dredge  until  the  rebuilt  dredge  started  operations  being  just  four 
months,  which  was  rapid  work. 

DBEDGE  NEAB  LEADVILLE,  COLO. 

A  rebuilt  dredge  which  cost  more  than  was  first  anticipated  but 
which  has  been  a  success  is  that  known  as  the  Magpie,  on  the  Derry 
Eanch,  near  Leadville,  Colo.,  originally  built  in  South  Dakota  at  a 
cost  of  approximately  $105,000  ready  to  start.  The  dredge  was 
unsuccessful  and  ceased  operations.  It  was  purchased  by  the  New 
York  Engineering  Co.,  which  had  arranged  to  dredge  the  Derry  Ranch 
property  on  a  royalty  basis.  Dismantling  of  the  dredge  required 
three  weeks.  It  was  moved  to  the  Derry  Ranch,  where  construction 
commenced  May  20,  1915.  The  dredge  began  operations  October  10, 
1915.  Many  important  changes  were  made  in  construction,  the  hull 
was  lengthened  about  10  feet,  and  adjustments  were  made  in  the 
machinery  to  meet  these  conditions.  The  total  cost  of  building  the 
new  hull  and  reconstructing  the  entire  dredge,  including  cost  of 
machinery,  which  was  purchased  at  a  low  figure,  is  stated  to  have 
been  approximately  $100,000. 

CASTLE   OBEEK   DBEDOE. 

The  Castle  Creek  dredge,  built  in  1912  at  Mystic,  S.  Dak.,  did  not 
prove  the  success  anticipated  and  was  moved  to  John  Day,  Oreg., 
and  rebuilt  for  the  Empire  Mining  Co.  The  rebuilding  of  this  dredge 
■was  done  imder  contract  by  the  Stearns  Roger  Manufacturing  Co.,  of 
Denver,  the  original  constructors  of  the  dredge;  and  the  total  cost  of 
the  dredge  rebuilt  ready  for  operation  at  John  Day  was  figured  at 
considerably  less  than  the  cost  of  a  new  dredge.  At  the  time  of 
writing,  complete  details  were  not  available,  but  it  is  of  interest  to 
note  that  dismantling  the  dredge  machinery  and  the  power  house 
and  loading  the  equipment  on  cars  at  Mystic  cost  $4,500.  The 
framed  timber  of  the  front,  center,  and  rear  gantries,  the  main 
trusses,  and  the  screen  frame,  amounting  to  nearly  45,000  feet,  was 
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taken,  and  more  lumber  would  undoubtedly  have  been  saved  except 
for  the  high  freight  rate  to  the  new  locality. 

FEATUEES  TO  BE  GONSIDEBED  IN  EEMOVAL  OF  DREDGING  EQUIFBfENT. 

If  the  machinery  is  in  good  condition,  the  company  owning  it  can 
afford  to  consider  rebuilding  the  dredge  in  a  new  locality,  as  a  sub- 
stantial saying  can  be  made  as  compared  with  the  cost  of  a  new 
dredge.  Where  it  is  necessary  to  purchase  the  machinery  of  an  old 
dredge,  except  in  exceptional  circumstances  and  at  a  reasonable 
piice,  it  is  questionable  how  great  a  saving  can  be  made. 

Among  the  points  other  than  the  condition  of  the  machinery  that 
are  to  be  considered  but  are  liable  to  be  overlooked  in  valuing  an  old 
dredge,  are  the  costs  of  dismantling  and  hauling  to  the  nearest  rail- 
road; also  parts  of  the  superstructure  of  some  dredges  can  be  used 
to  good  advantage  if  the  material  is  in  good  condition  and  freight 
chaises  not  too  high.  The  hull  of  a  dredge  is  of  no  value  unless  the 
dredge  can  be  moved  bodily — that  is,  can  dig  its  way  to  a  new  loca- 
tion.   This  was  done  by  the  ^Pennsylvania  dredge  at  Oroville,  Cal. 

OTHER  EXAMPLES  OF  MOVING  DREDGES. 

The  Pennsylvania,  after  the  operating  company's  property  had  been 
worked  out,  was  purchased  by  a  group  of  Oroville  dredge  men  for 
$7,500  and  paid  for  by  a  stock  interest  in  a  new  company  they  then 
formed.  The  dredge  dug  its  way  to  the  new  ground  through  a  dis- 
tance of  1  mile,  the  greater  part  of  which  was  dredge  tailing,  in  three 
months.  About  five  weeks  was  required  to  overhaul  the  dredge 
before  operations  were  begun  on  the  new  property.  This  dredge, 
although  an  old  machine,  having  been  first  put  in  operation  in 
November,  1902,  will  with  care  last  the  life  of  the  property,  and  is 
already  making  a  substantial  profit  for  the  new  owners.**  The  advan- 
tages in  this  case  were  exceptional;  an  area  of  40  acres  of  known 
value  as  dredging  ground  that  the  owner  had  for  years  refused  to  seD 
was  purchased  on  satisfactory  terms  by  experienced  dredge  men,  who 
also  had  the  opportunity  to  buy  the  dredge  just  as  the  ground  for 
which  it  had  been  built  was  worked  out. 

Dredges  built  in  Alaska  which  proved  unprofitable  in  the  original 
locahties  have  been  moved  to  new  areas.  One  of  these,  the  Osborne 
Creek  dredge,  was  first  built  in  lower  Dry  Creek  at  Nome.  The 
ground  had  not  been  prospected  before  the  dredge  was  built  and  when 
the  dredge  was  started  the  gravel  was  f  oimd  to  be  of  too  low  grade  for 
profitable  dredging.  The  dredge  was  afterwards  moved  to  Osborne 
Creek,  about  12  miles  distant.  The  machinery  was  first  removed  and 
the  hull  sawed  in  .half  and  hauled  in  two  sections.  Each  section 
weighed  55  tons  and  was  drawn  by  66  horses. 

a  Since  this  was  written  the  dredge  has  worlced  out  the  property  and  has  again  been  sold. 
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In  1912  the  No.  7  dredge  of  the  Yukon  Gold  Co.  was  moved  at  con- 
siderable expense  from  Dawson,  where  it  had  worked  out  the  property 
for  which  it  was  built,  to  Flat  Creek,  where  it  has  since  operated 
successfully.  Other  dredges  of  the  Yukon  company  are  being  moved 
to  Idaho  from  Bonanza  Creek  in  the  Klondike. 

The  following  tables  show  the  approximate  maximum  values 
given  to  different  used  dredge  parts  in  California;  the  first  covers 
a  5-foot  dredge  and  a  S^-foot  dredge,  and  the  second  a  9-foot 
dredge  in  excellent  condition,  with  a  new  manganese-steel  bucket 
line.  It  is  thought  that  the  figures  may  be  of  assistance  to  persons 
desiring  estimates  under  like  conditions,  but  it  should  be  remembered 
that  the  purchase  of  second-hand  dredge  machinery  requires  con- 
siderable study. 

ApproximaU  value  of  »econd-hand  parts  of  two  dredges  used  in  California. 


Name  of  part 


Bodcils 

PiM 

Upper  tombtar 

Lover  tmnbtar 

Ladder 

Ladder  end  casings 

Ladder  sospensioDBbape 

Ladder  rallara  and  bearlnas 

BoOwhaal 

InisrmadJata  sbafta  and  beaitags. 

Pullsy 

Hopper 


6K!abio-foot  close-con-    5)-cublo-foot  close  con- 
nected     remodeled       nected       remodeled 


dredge  built  inl911. 


Cooditian. 


Percent. 
Poor. 


Approxi- 
mate value. 


DoUara. 


dredge. 


Condition. 


Percent. 


Approxi- 
mate value. 


Dollara. 
6,000 


Screen  driva. 

Ladder  hoist 

Main  vfaudi 

OpeAting  lavars 

Ladder  suapansioo  tackle 

Stacker  saspenafcn  tackle 

Spuds. 

Deck  sheaves 

DistribatioBi  and  gold-Bavtag  tables . 

Savean ' T!? 

Spud  casing 

Iwlsfailoes 

Stacker  chote 

RliOes 

Stacker  ladder 

Stacker  iQUers 

Stacker  gearing 

Bov  gantry  cap 

Stem  gantry  cai 
Pumpaandpip] 
Ropes  and  bolts. 
Electrio  motors. 


300 


Poor. 


O.K. 
O.K. 


60 
60 


Fair. 


(•) 


25 
60 


60 


150 
260 
126 
100 
260 
200 
600 
900 
200 
500 
100 


None. 
60 
20 


100 
100 
100 


None. 


New. 
Good. 


25 
Poor. 


Good. 


800 


2,000 
260 
76 
300 
600 
600 


20O 
600 
250 


200 

600 
150 
750 
100 
100 
75 
100 


Electric  wiring..... 
Toob  and  sundries. 
Hall  and  housing. . 


Total. 


76 
None. 


600 


60 
20 


50 
100 

75 
400 

76 
1,500 

50 
300 

60 


7,175 


Approximate  weight  of  all  parts  listed tons. 

Cost  of  hauling  to  railroad 

Cost  of  dismantling 


50 
bS5 


CS250 
1750 


25 

None. 


150 
b$4 


600 


75 
125 
100 
600 

75 

2,000 

100 

400 

100 


17,425 


ctaoo 

11,500 


•  Part  of  hoiqper  in  (air  condition. 


b  Per  ton. 


e  Total. 
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ApproximaU  present  value  of  machinery  and  equipment  on  a  9'/oot  dredge  ImiU  to  dig  55 

feet  below  water  level. 


Name  of  part. 


Buckets,  2  pleoeB 

Buckets,  3  pleoflB. 

Bucket  pins 

Bucket  bushings 

Dining  ladder 

Ladder  roUere,  complete 

Ladder  suspension,  bars  and  blocks. . 

Lower  tumbler  and  shaft 

Upper^tumbler  body 

Upper-tumbler  shaft 

Maui  drive,  complete 

Bucket  ladder,  complete 

L.  H.  winch,  complete 

S.  L.  winch,  complete 

Main  hopper 

Revolving  screen,  complete 

Revolvtnf;-screen  drive 

g distributor 
tacker  ladder 

Btacker-hoist  winch 

Stacker  suspeDslan,  complete 

Stacker  drive,  oomplete 

Stacker  belt 

1  8pud9 

1  spud  suspension 

Deck  depression  and  fidrlead  sheaves. 

Operating  levers 

Motors 

12-inch  high  and  low  pressure  pump.. 
6-inch  hopper  pump 


Total. 


Weight. 


a79 

a  16 

•  96 

a  190 

150,000 
a  15 

45,000 


45,200 
10,500 
42.000 
40,000 
15,000 
47,700 
12,600 
36,000 
46,000 
3,200 
5,000 
16,500 


62,000 

4,500 

20,500 

11,500 


11,000 


Cost  new. 


bI17,S80.00 

c  3, 456. 00 

d  2, 470. 00 

<566.20 

9,000.00 

/1, 320. 00 

4,275.00 

1,750.00 

1,000.00 

1,000.00 

4,300.00 

1,325.00 

5,040.00 

4,800.00 


2,860.00 
1,300.00 
2.160.00 
2,400.00 
400.00 
500.00 
1,450.00 


3,100.00 
450.00 
2,500.00 
1,150.00 
8,000.00 
1,300.00 
500.00 


Salvage 
value. 


Percent. 
75 


a  Number. 
»  At  9220  each, 
e  At  $216  each, 
tf  At  S26 1\  pound. 


25 


50 
25 
50 


75 
50 
50 
60 
60 


50 
50 
40 
50 
60 
60 
50 


50 
60 
50 
50 
66 
60 


Present 
value. 


St3,0».QO 
Scnp. 
617.50 
Senp. 

4,500.00 
330.00 

2,137.50 
Scrap. 
Scrap. 
750. 00 

2,150.00 
662.50 

3,034.00 

2,880.00 
Scrap. 

1,430.00 
650.00 
864.00 

1,200.00 
240.00 
300.00 
725.00 

Scrap. 
1,550.00 

270.00 
1,250.00 

573.00 
5,200.00 

650.00 

Scrap. 


44,90aS0 


<  At  12.98  each. 

/AtSSSeach. 

g  One  spud  was  valueless,  l>eing  cracked  in  several  plaoea. 


OPEBATIOir  OF  GOLD  DBEDGES. 

The  material  following  is  intended  to  describe  dredging  operations 
in  a  general  way,  although  elsewhere  in  this  bulletin  wiU  be  found 
material  that  could  properly  be  classed  under  this  head. 

The  principal  factor  in  operating  a  gold  dredge  is  to  maintain  the 
highest  possible  proportion  of  operating  time;  that  is,  to  keep  the 
dredge  digging.  As  mentioned  elsewhere,  a  dredge  idle  is  making 
no  money,  but  fixed  and  interest  charges  still  go  on.  A  few 
years  ago  an  operating  time  of  75  per  cent  was  considered  a  high 
arerage.  The  average  operating  time  of  the  modem  dredge  has 
increased  to  80  or  85  per  cent,  mainly  because  of  improvements  in 
machinery  and  design  and  general  strengthening  of  dredge  parts  that 
are  subjected  to  great  strain,  although  the  weight  of  the  machinery 
and  the  first  cost  of  the  dredge  have  greatly  increased.  The  modern 
gold  dredge  has  increased  in  weight  from  the  early  boats  with  a  total 
of  300  tons  of  machinery  and  hull  to  the  complete  16-foot  dredge 
which  will  dig  80  feet  below  the  water  level  and  which  weighs  2,250 
tons. 

B8SENTIALS  OF  DBEDGE  OPBBATION. 

With  a  dredge  suitably  equipped/ and  placed,  the  essentials  of 
operation  may  be  smnmarized  as  follows: 

(1)  Outline  the  course  with  due  regard  to  elevation  of  surface. 

(2)  Secure  side  lines  to  as  long  head  Unes  as  practicable. 

(3)  Step  to  insure  a  full  bucket  only. 

(4)  Run  buckets  at  full  speed  in  free  ground;  run  more  slowly  in 
hard  ground. 

(5)  Swing  fast  for  a  shaUow  drop  and  run  slowly  with  deeper  drop. 
The  proper  drop  can  be  determined  only  on  the  ground. 

(6)  Cleaning  of  bedrock  depends  on  situation  of  pay  ground  and 
careful  cleaning  of  bedrock,  digging  well  into  it,  may  or  may  not  be 
advisable. 

(7)  Motors  should  be  in  charge  of  an  experienced  electrician.  On 
small  dredges  conveniently  situated,  an  electrician  can  come  at 
r^olar  intervals  and  on  special  calls.  The  regular  oiler  can  look 
after  the  oiling  of  motors  daily. 

(8)  Keep  repair  parts  in  Uberal  supply,  and  of  the  best  material. 

AMPLE  SPABE  PABTS  SHOULD  BE  AVAILABLE. 

Perry*  points  out  that  in  order  to  make  a  success  of  dredging 
operations  far  from  sources  of  supply,  the  equipment  must  be  com- 
plete and  of  the  best  possible  kind.     A  single  breakdown  or  loss  of  a 

•  Pvry,  0.  B.,  Deyelppment  of  dredging  in  the  Yukon  territory:  Trans.  Canadian  Min.  Inst.,  vol.  IS, 
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part  that  can  not  be  readily  replaced  may  mean  the  loss  of  the  season's 
work,  so  that  the  supply  of  extra  parts  and  the  shop  equipment  for  re- 
pairs should  be  much  greater  than  is  ordinarily  required.  An  ample 
supply  of  spare  parts  is  advisable  in  all  gold  dredging,  as  can 
be  illustrated  by  a  case  in  point.  During  1915  and  1916  the 
Natomas  Co.  operated  under  contract  the  9-foot  dredge  of  the 
Wilkes-Barre  Co.  This  dredge  was  similar  in  design  to  several 
Natomas  dredges,  and  the  Natomas  Co.,  with  its  complete  oiganiza- 
tion  and  shop  equipment,  could  work  to  far  better  advantage  than  a 
company  operating  a  single  dredge  could  possibly  have  done.  For 
instance,  when  there  were  breakdowns  of  the  Wilkes-Barre  dredge, 
the  repair  gang  would  be  rushed  to  it  as  though  it  were  a  Natomas 
dredge;  and  when  in  the  fall  of  1915  the  bucket  line  began  to  go  to 
pieces  all  at  once,  the  Natomas  Co.  was  able  to  supply  from  its  large 
stock  on  hand  enough  extra  buckets  to  keep  the  dredge  running  until 
the  new  buckets  arrived,  whereas  if  a  company  with  a  single  dredge 
had  been  operating,  a  shutdown  of  two  months  or  more  would  have 
probably  resulted  while  new  buckets  were  awaited. 

Most  dredges  built  in  accordance  with  California  practice  are  now 
equipped  with  digging  spuds,  in  place  of  the  head  lines  used  on  the 
early  dredges.  In  easily  dug  light  gravel,  as  that  worked  by  the  16-foot 
Boston  &  Idaho  dredge  at  Idaho  City,  the  dredge  was  operated  on 
head  lines,  and  it  was  not  necessary  to  furnish  spuds,  though  the 
dredge  had  been  designed  for  spuds  and  spud  casings  had  been 
supplied  when  the  dredge  was  built.  Head  lines  have  sometimes 
replaced  spuds  successfully  when  the  dredge  hull  has  become  too 
old  to  withstand  the  strain  of  digging  against  the  spud;  and  during 
the  repairing  of  a  broken  spud,  digging  has  sometimes  been  continued 
by  rigging  up  a  temporary  head  line. 

DIGGING  ON  SPUDS. 

The  digging  face  is  arc  shaped;  sometimes  a  single  cut  is  made 
and  at  other  times  double  cuts  are  carried.  In  carrying  the 
excavation  forward,  the  dredge  is  swung  from  one  side  of  the  cut  to 
the  other  by  side  lines.  Figure  15  shows  a  method  of  dredging  to 
leave  a  channel.  The  spuds  are  raised  or  lowered  by  wire  cables 
running  through  large  sheaves  on  the  rear  gantry  to  the  spud  drums 
on  the  main  winch.  The  digging  spud  is  generally  heavier  than  the 
stepping  spud  and  is  made  of  steel.  Formerly  the  stepping  spud  was 
made  of  wood.  The  practice  on  large  modern  dredges  is  to  have 
both  spuds  of  steel  and  of  similar  weight  and  design;  thus  should  the 
digging  spud  break  the  dredge  can  work  on  the  other.  The  advantage 
is  apparent. 

To  move  the  dredge  forward,  the  spud  is  raised  and  the  line  on  one 
side  of  the  dredge  is  hauled  in  while  the  other  side  line  is  played  out. 
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the  second  spud  being  used  as  a  pivot  on  which  the  dredge  is  moved. 
The  first  spud  is  then  dropped,  the  second  one  raised,  and  the  opera- 
tion repeated.  With  each  swing  the  dredge  is  stepped  ahead  2  feet 
or  more,  depending  on  the  width  between  spuds.  For  the  new  cut 
the  total  distance  of  moving  the  dredge  is  5  to  8  or  10  feet.  On 
the  Yuba  dredges  the  spuds  are  placed  about  14  feet  apart  and  it  is 
necessary  to  swing  through  an  angle  of  only  about  40°  to  make  a 


FiGUBX  15.— Method  of  operating  gold  dredge  to  leave  a  channel. 

6-foot  step.     The  lower  timibler  is  usually  greased  during  this  opera- 
tion, whidi  requires  about  12  minutes. 

At  the  Deny  Farm  dredge  near  Leadville,  Colo.,  the  method  was 
to  lift  both  spuds  and  to  pull  with  the  stem  lines  until  the  dredge  was 
in  the  desired  position,  when  the  spuds  were  lowered.  It  was  thought 
that  a  saving  of  nearly  10  minutes  each  time  the  dredge  was  moved 
resulted  by  adopting  this  method. 
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DTTTIES  Ain>  BBQUOtEMENTS  OF  WINCHIIBN. 

In  running  a  dredge  care  is  taken  to  prevent  the  tailings  from  tlie 
sluices  and  stacker  from  so  filling  the  dredge  pond  as  to  cause  the 
boat  to  ground  when  it  is  being  moved.  At  times  it  is  difficult  to 
retain  sufficient  flotation  space^  and  an  inexperienced  winchman  may 
ground  the  boat  if  gravel  considerably  deeper  than  usual  is  dredged, 
and  if  the  tailing  stacker  is  too  short  to  dispose  properly  of  the  tailing, 
or  if  the  fines  are  greatly  in  excess  of  the  coarser  material  and  the 
sluices  are  short  the  excess  of  tailing  may  ground  the  boat.  A  sand 
pump  to  dispose  of  fine  material  is  occasionally  necessary,  and  simple 
elevator  buckets  to  deliver  the  fines  from  the  side  sluices  to  the  con- 
veyor belt  were  designed  by  Walter  Johnson  for  a  dredge  in  Alaska  at 
which  a  large  force  of  men  were  formerly  required  to  shovel  back  the 
fines  in  order  to  prevent  the  boat  from  grounding  on  them.  This 
plan  resulted  in  a  great  saving  of  labor  and  increased  the  yardage. 

The  manipulation  of  the  bucket  line  often  accounts  for  a  consid- 
erable difference  in  yardage  handled  and  in  the  recovery  of  the  gold 
content  of  the  gravel. 

The  position  of  winchman  is  the  most  important  on  the  dredge,  and 
the  yardage  dug  depends  almost  entirely  on  the  winchman's  knowl- 
edge of  his  work  and  the  character  of  the  gravel  in  different  parts  of 
the  cut.  It  is  important  that  the  winchman  be  kept  interested  in  his 
work  for  if  he  is  lax  in  operating  the  bucket  line  considerable  loss  will 
result. 

BEGTJLATING  SPEED  OF  BTJCKBT  SWING. 

On  every  electric  dredge  a  wattmeter  or  similar  recording  meter, 
connected  to  the  digging  motor,  should  be  placed  so  as  to  be  easily 
seen  by  the  winchman  as  a  guide  in  his  digging.  It  will  tell  him 
when  his  motor  is  puUing  its  regular  load  and  will  warn  him  of  any 
unusual  stress  in  the  motor  such  as  might  be  caused  by  running  into 
a  cave-in  of  gravel  below  the  siu^ace  of  the  Water  which  may  not  be 
visible  above  the  water  line.  It  will  also  warn  him  when  his  buckets 
are  running  out  of  gravel,  and  will  help  in  many  ways  to  maintain 
smooth  operation. 

In  some  ground  it  is  possible  to  devise  a  constant  speed  of  swing 
for  the  bucket  winches,  instead  of  letting  the  winchman  wait  for 
empty  buckets  to  come  up  before  swinging.  Here  a  wattmeter  is 
particularly  useful,  as  it  will  show  a  decrease  in  load  the  instant  the 
buckets  are  out  of  gravel.  However,  when  bedrock  is  being  cleaned, 
there  is  some  question  as  to  just  how  far  a  constant  speed  can  be 
devised,  but  famiharity  with  the  ground  enables  the  careful  operator 
to  judge  the  proper  time  for  moving  the  buckets  to  a  new  point 
of  attack.  To  mention  an  instance,  Walter  Johnson  was  able  to 
increase  the  yardage  at  the  Bangor  Creek  dredge  on  the  Seward 
Peninsula  by  300  yards  a  day  after  a  careful  study  of  the  conditions 
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and  after  determining  a  proper  speed  of  bucket  swing.  Similar 
efficiency  lias  been  obtained  by  the  lai^e  California  companies  as  a 
result  of  careful  study,  and  the  yardage  has  been  considerably 
increased  by  having  the  buckets  take  smaller  cuts  and  increasing  the 
speed  of  swing.     (See  Pis.  LVII  and  LVIII.) 

In  this  connection  Sunmxers  ^  makes  the  following  statement: 

In  the  earlier  days  of  dredging  the  rule  was  to  drop  deep  and  it  was  necessary  to 
use  the  slow  gear  to  pull  the  buckets  through  the  gravel.  It  was  found  that  this  was 
wrong,  as  it  put  an  unnecessary  strain  on  bow  lines,  winches,  and  ladders,  and  in 
fact  on  every  part  of  the  machinery  used  in  digging  and  elevating  the  gravel.  The 
old  cry  in  dredging  was  for  more  yardage,  and  as  soon  as  a  winchman  had  his  digging 
ladder  down  to  its  limit  he  would  swing  to  the  other  side  of  the  cut  and  step  up.  In 
using  low  gear  on  the  swinging  it  is  possible  to,  pull  the  buckets  through  the  gravel 
faster  than  they  can  pick  it  all  up,  and  in  that  way  gravel  was  left  in  the  bottom  of 
Uie  pond. 

As  the  buckets  will  hold  a  limited  amount  of  gravel  it  is  necessary  to  use  only 
power  enough  to  fill  them,  and  this  is  most  economically  done  by  taking  light  drops 
and  swinging  on  high  gear.  In  this  way  1 1  is  impossible  to  pull  through  a  lot  of  gravel 
on  the  bottom  of  the  cut  as  the  fast  gear  is  not  strong  enough,  and  when  it  la  stalled 
it  is  necessary  to  raise  up  enough  to  allow  it  to  swing  freely .  In  using  the  older  method 
the  power  consumption  was  much  higher  than  necessary  and  the  results  were  poorer 
on  account  of  more  time  lost  owing  to  broken  bow  lines,  buckets  slipping  off  the 
lower  tumbler,  broken  bucket  lines,  wear  on  bucket  pins  and  bushings,  and  repairs 
incidental  to  the  increased  power  strains. 

On  some  dredges  the  superintendent  has  found  it  advisable  to  take 
the  low-speed  gear  off  the  ladder  winch,  as  the  winchman  when 
meeting  an  obstruction  in  hoisting  would  change  to  low  speed  and 
the  resultant  powerful  pull  ijfould  at  times  cause  a  break  in  some  part 
of  the  machinery.  Without  the  low-speed  gear,  he  is  obUged  to 
rdieve  strain  by  reversing. 

In  this  connection  Summers^  says: 

In  stepping  ahead  on  the  smaller  boats  a  5)-foot  step  is  usually  about  the  best 
length  in  ordinary  gravel.  In  using  a  much  smaller  step  the  boat  is  liable  to  surge 
back  and  forth.  This  is  caused  by  the  bucket  engaging  the  gravel  and  passing 
beyond  the  point  of  its  strain  before  the  next  bucket  following  engages  the 
gravel.  As  soon  as  the  bucket  engages  the  gravel,  it  forces  the  boat  back  hard  against 
the  digging  spud;  then  when  the  bucket  has  cut  into  the  gravel  beyond  the  point  of 
its  greatest  strain,  the  boat  will  surge  ahead  until  the  following  bucket  will  hit  the 
gravel,  and  then  the  boat  is  forced  back  against  the  spud  again.  This  condition 
continues  unless  a  step  is  taken  that  is  about  twice  the  length  of  the  pitch  of  the 
buckets;  this  results  in  two  buckets  engaging  the  gravel  at  all  times.  Speed  of  the 
bucket  line  is  varied  somewhat  by  conditions  but  ordinarily  60  feet  per  minute  is 
the  usual  rate  of  travel.  Side-swing  speed  and  depth  of  drop  also  vary.  Side  swing 
is  usually  about  30  feet  per  minute  and  the  depth  of  drop  about  8  or  9  inches  in  solid 
gravel.    Recent  practice  is  to  drop  light  and  swing  on  high  gear. 

Regarding  the  causes  of  delays  to  dredging  Jennings  ^  presents  the 
foUowiog  table  covering  the  work  of  dredges  of  the  Conrey  Placer 
Mining  Co.  in  the  Ruby,  Mont.,  district: 

a  Summers,  M.  L.,  personal  communication. 

b  Jennings,  Hemien,  History  and  development  of  gold  dredging  in  Montana:  Bull.  121,  Bureau  of 
Miiies,  1016,  p.  2B. 


118 


GOLD  DREDGING  IN   THE  UNITED  STATES. 


Statement  of  running  time  and  delays.  Convey  Placer  Mining  Co,,  Dredges  Nos.  /,  f,  S, 

and4y  Jan.  1  to  July  SI,  1915. 


Time,  per  cent. 

Cause  of  delay. 

Dredge 
No.f. 

Predge 
No.  2. 

Dredge 
No.  3. 

Dredge 
No.  4. 

dean-up 

1.56 

3.89 

3.42 

.40 

L36 

6.33 

3.01 

.41 

0.87 
2.75 
2.25 
.61 
.48 
.23 
.70 

i.ao 

MovinK^ahead 

3.80 

Lines  aiid  sotids 

2.95 

finches 

.13 

Flume 

Ladder 

.02 
1.0? 

.16 
3.99 

.62 

.67 
1.36 

.14 
1.58 
1.24 
3.25 
3.05 
2.05 
3.13 

1.07 

Tumblers 

5.91 

B<K>per 

.87 

Qmsly 

8.03 

2.52 

.38 

1.13 

3.41 

Bucket  chain  and  drive 

2.27 

Pumps  and  piping 

.49 

Electrical  appflanoes *. 

1.09 

Ueaiine  system 

.03 

Debris 

3.66 
.68 
.85 
.01 
.02 

2.68 
.66 

L48 
.39 
.08 
.06 
.15 
.78 

1.00 
.38 

.36 
.53 

.11 

Power  ofl 

.57 

Btacker 

.41 

Tables  and  sluices 

.07 
.18 

.97 

Well 

.85 

Gangplank 

.02 

UnlnA/linff  co^l . . , . ... 

.00 
.71 
.07 
.03 

.02 
.78 

juiy4...^!T;;. :...::.:...: .....:.. 

.71 

.01 

Low  water '. 

42.46 

01 

.02 

Funeral,  President  J.  J.  Myers 

.01 
.02 

.01 
.01 

.01 

23.26 
76.74 

33.23 
66.77 

69.38 
40.62 

27.29 

Tot4^1  nipninK  time. 

72.72 

Total  time 

100.00 

100.00 

100.00 

100.00 

PRACTICE   AT   RUBY,  MONT. 

At  Ruby,  Mont.,  where  the  big  No.  4  dredge  is  working  there  is 
about  16  feet  of  overburden  and  loose  gravel.  In  digging  this  the 
bucket  chain  is  run  at  the  limit  of  22  buckets  per  minute  and  the 
buckets  can  be  readily  filled  at  that  speed.  Below  16  feet  the  gravel 
begins  to  get  very  tight  and  is  mixed  with  considerable  clay,  and  the 
buckets  are  not  filled  when  running  at  a  speed  of  22  buckets  a  minute; 
hence  the  speed  is  reduced  to  20  buckets  a  minute;  and  near  bedrock 
where  the  gravel  is  still  tighter  the  buckets  are  run  as  slowly  as  18 
a  minute,  making  an  average  of  about  20  buckets  a  minute.  It  is 
found  that  it  is  better  to  reduce  the  speed  of  the  buckets  in  hard 
diggiiig  aiid  t^  fiU  them  than  it  is  to  keep  up  the  speed  and  to  fill  the 
buckets  only  half  full,  as  the  yardage  handled  is  just  as  great,  if  not 
greater,  with  considerably  less  wear  on  the  buckets  and  tiunblers. 
It  is  necessary  to  dig  up  6  to  12  inches  of  bedrock,  depending  largely 
on  the  character  of  the  bedrock.  If  the  bedrock  is  imeven  it  is 
necessary  to  dig  deeper  in  the  higher  spots  in  order  to  be  8\u*e  to 
get  all  the  gravel  in  the  depressions.  In  the  Yukon  along  the  Klon- 
dike River  the  gold  in  places  extends  into  the  bedrock  for  2  or  3  feet 
whereas  the  upper  gravels  contain  little  or  no  gold.  The  bedrock  is 
a  soft  decomposed  mica  schist  and  is  easy  to  dig. 


z    1 


OPEBATION  OF  GOLD  DREDOE&. 


BUGKST-CLSANIKa  METHODS. 
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The  Natoma  No.  8  dredge  has  worked  in  ground  composed  largely 
of  sticky  mud  which  can  not  be  easily  dug  or  readily  sumped  from  the 
buckets.  In  addition  the  water  in  the  pond  becomes  so  muddy  that 
it  blocks  the  pumps,  adds  to  the  cost  of  operation  and  repairs, 
and  reduces  yardage  materially.  To  overcome  the  sticking  of  clay 
to  the  buckets,  an  additional  high-pressure  pump  has  been  placed 
on  the  dredge  to  deliver  water  through  two  nozzles,  which  are 
directed  into  the  bucket  as  it  is  turning  over  the  hopper.  This 
arrangement  proves  of  considerable  benefit,  and  although  it  requires 
250  additional  horsepower  it  shows  a  net  saving  per  cubic  yard.  A 
comparison  of  yardage  records  and  power  costs  in  1913,  before  the 
change,  with  those  in  1914,  after  the  change,  is  particularly  inter- 
esting. 

Yardage  record  and  operating  costs  per  cubic  yard,  Natoma  No.  8  dredge. 


Time 
dredg- 
ing. 

Depth 
dug. 

Material 
dug. 

Mate- 
rial 
dug 

hour. 

Costs  per  cubic  yard,  cents. 

Year. 

Labor 

Mate- 
rial. 

Power. 

Water. 

Total. 

Re- 
pairs. 

Gen- 
eral 
taxes, 
iasur- 
anoe. 

Total. 

1913 

19U 

Bofut. 

6,616 

6,370 

Feet. 

62 
67 

OMtyde. 
1,807,235 
2,053,568 

322 

1.01 
.84 

23 
15 

1.49 
1.32 

14 
10 

2.87 
2.41 

2.81 
4.01 

86 
72 

6.34 
7.14 

In  1914,  as  compared  with  1913,  the  dredge  dug  50  yards  more  per 
dredging  hour,  and  consumed  less  power,  with  a  running  expense  of 
56  cents  less  per  cubic  yard,  though  the  total  expenses  increased  by 
0.80  cent  over  those  of  1913  on  accoimt  of  the  necessary  improve- 
ments, changes,  and  repairs. 

On  the  hopper  of  the  Viloro  dredge,  Qroville,  to  cut  the  clay  from 
the  buckets  it  was  necessary  to  install  two  1  J-inch  nozzles,  fed  by  a 
two-Btage  Byron-Jackson  pump  dehvering  1,200  gallons  a  minute 
and  driven  by  a  100-horsepower  motor.  To  prevent  splashing  the 
hopper  was  built  up  on  the  sides  and  covered.  A  part  of  the  ground 
worked  by  the  Viloro  dredge  contained  5  feet  of  indurated  clay 
above  the  pay  gravel,  and  imderlying  5  feet  of  top  soil.  To  facilitate 
dredging,  the  top  soil  was  jBrst  removed  by  the  bucket.  Auger  holes 
8  feet  apart  in  lines  5  feet  from  each  other  were  then  put  down  in 
the  day  and  blasted.  The  clay  which  prior  to  blasting  was  difficult 
to  handle  could  then  be  easily  dug.  The  cost  of  the  extra  work 
included  the  time  of  three  men  at  $2.50  a  day  and  three  to  five  boxes 
of  powder  at  $4.50,  or  an  average  of  about  $25  a  day  extra,  but  the 
extra  expense  was  more  than  justified  by  the  increased  yardage 
handled.    When  the  Yuba  dredge  was  handUng  a  stratum  of  clay 
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that  contained  no  gold^  at  a  depth  of  45  feet  to  60  feet  below  water, 
an  iron  plate  was  temporarily  used  to  block  the  hopper  and  the  mate- 
rial was  dumped  into  the  well  hole  and  not  sent  to  the  screen  and 
tables. 

In  digging  stiflF  clay,  the  dredge  master  generally  finds  it  good 
practice  to  take  Ught  cuts,  as  buckets  diimp  cleaner  than  if  deep 
cuts  are  taken,  when  the  buckets  clog  and  the  clay  may  also  get 
lodged  in  the  hopper. 

When  the  Isabel  dredge  was  handling  a  larger  quantity  of  barren 
day  in  Calaveras  Coimty,  Cal.,  an  improvised  clay  cut-out  worked 
satisfactorily.     It  is  described  by  Winston." 

The  principle  of  the  cut-out  is  shown  in  figure  16.  A  deflecting 
plate,  a,  operated  by  a  lever,  d,  causes  all  fines  from  the  shaking  screen 
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FiGUBB  16.— Clay  cut-out  device  for  gold  dredge. 

with  which  the  dredge  is  equipped  to  pass  either  to  the  gold  tables  or, 
when  the  operator  so  desires,  to  a  separate  clay  sluice,  which  extends 
a  considerable  distance  beyond  the  stem  of  the  dredge. 

Large  lumps  of  clay  of  course  are  not  broken  at  the  screens,  and 
pass  directly  to  the  tailing  conveyor.  The  device  shown,  with  proj>- 
erly  placed  hopper  sprays  for  cleaning  clay  from  the  dumping  buckets, 
has  obviated  most  of  the  delay  and  reduced  the  gold  losses  due  to  clay 
robbing  the  sluices. 

TJSE  OF  MONITOBS  AND  OF  BLASTING  IN  CEMENTED  GBAVEL. 

In  handling  hard,  compact  gravel,  monitors  were  placed  on  the 
front  of  some  dredges,  especially  in  the  Folsom  district.  Although 
these  were  of  some  use  in  washing  down  high  banks  of  gravel  of  a 

a  Winston,  W.  B.,  Clay  cut-out,  Isaloel  dredge:  Min.  and  ScL  Press,  yol.  101,  Beo.  34, 1010,  pp.  S38-639. 
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medium  compactness,  they  were  of  little  use  against  cemented 
graveL  A  ntunber  of  years  ago  at  QroviUe  blasting  was  tried  with 
considerable  success  in  handling  cemented  gravel,  but  the  extra  cost 
wHs  2  to  5  cents  a  cubic  yard.  The  method  of  operation  was  to  drill 
holes  5  to  15  feet  into  bedrock  and  placed  25  to  250  feet  apart. 
ChargeB  of  50  to  120  pounds  of  40  per  cent  dynamite  were  used  in 
the  holes,  the  chaises  being  fired  either  by  electricity  or  by  fuse. 
Blasting  in  front  of  the  Natomas  dredges,  which  were  dredging  in 
hard  cemented  material,  did  not  give  very  satisfactory  results,  as 
the  gravel  broke  into  large  chunks  which  went  throi^h  the  screen 
without  disintegrating. 

LIFE  OF  HULL. 

The  life  of  a  wooden  hull  in  California  is  generally  estimated  at 
10  years  for  small  dredges  and  7  for  large  ones,  and  a  steel  hull  for 
either  size  is  expected  to  last  10  years.  Wooden  dredge  hulls  have 
lasted  longer  than  the  period  mentioned,  as,  for  example  the  old 
Continental,  which  lasted  more  than  10  years,  the  Pennsylvania, 
which  is  still  working,  though  built  more  than  13  years  ago,  and  the 
Viloro  hull,  which  was  11  years  old  when  the  dredge  was  burned  in 
October,  1914.  At  Breckenridge,  Colo.,  the  hull  on  the  No.  3  dredge 
is  15  years  old  and  is  seemingly  still  in  good  condition.  On  account 
of  climatic  conditions  there  has  been  no  evidence  of  dry  rot,  and 
when  it  was  necessary  to  overhaul  the  hull  about  the  stem  no  evidence 
of  dry  rot  was  foimd.  This  condition  is  not  usually  foxmd  in  dredge 
hulls.  A  dredge  hull  is  ventilated  by  means  of  blowers  at  the  stem 
of  the  boat,  which  force  fresh  air  through  the  hull,  the  air  coming  out 
through  the  ventilators  on  the  bow.  Such  ventilation  is  essential 
for  dredges  operating  in  a  warm  or  hirniid  climate,  and  neglect  to 
ventilate  the  hull  properly  has  caused  serious  damage  on  more  than 
one  dredge.  The  general  practice  is  occasionally  to  paint,  the  interior 
of  the  wooden  hull  with  hot  crude  oil,  which  considerably  preserves 
the  life  of  the  timbers. 

On  dredges  operating  in  cold  climates,  a  steam-heating  plant  is 
arranged  either  by  having  the  boiler  placed  in  the  hull  or  on  the 
main  deck,  and  by  having  coils  of  steam  pipe  placed  around  the 
mterior  of  the  dredge  and  at  suitable  places  in  the  housing  and 
stacker. 

Few  dredges  work  throughout  the  winter  in  regions  where  that 
season  is  extremely  cold.  As  exceptions  may  be  mentioned  Dredges 
Nos.  1,  2,  and  4  of  the  Conrey  Placer  Mining  Co.,  at  Ruby,  Mont., 
where  heating  by  steam  pipes  is  employed.  The  steam  circulates 
under  the  gold  tables  and  along  the  stacker,  which  is  supplied  with 
a  canvas  housing.  Electric  heaters  are  used  on  some  dredges  with 
success.     Miles*  describes  the  method  of  operating  the  Boston  & 

•  Kiki,  J.  H.,  Winter  dred^g  in  Idaho:  Min.  and  Sci.  Press,  vol.  108,  Mar.  14, 1914,  pp.  456-4G<». 
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Idaho  dredge  in  Idaho  during  the  coldest  weather.     It  was  afterwards 
found  advisable  not  to  operate  during  the  winter  months. 

BEPAntlNa  AND  MAINTAININa  HULLS. 

Dredge  hulls  frequently  require  repairs,  either  near  the  stem  where 
the  spud  strain  develops,  or  near  the  bow  when  the  weight  and  strain 
on  the  front  gantry  causes  a  springing  of  the  hull  and  starts  leaks. 
On  one  dredge  the  hull  was  repaired  by  pouring  a  rich  mixtxu^  of 
cement  between  abulkhead  formed  by  the  side  planking  of  the  dredge 
and  timbers  placed  on  the  inside  of  the  hull  frame.  GreneraUy  the 
hull  is  repaired  by  building  in  sohd  with  new  lumber  against  the 
inside  shell  of  the  boat,  though  at  times  it  is  necessary  to  pump  all 
the  water  from  the  pond,  and  make  extensive  repairs  on  the  hull, 
especially  if  the  dredge  has  capsized. 

Steel  hulls  also  have  given  trouble  at  spud  casings  and  made  dry 
docking  and  extensive  repairs  necessary.  Consequently,  these  parts 
have  been  strengthened  and  heavy  spud-casing  springs  have  been 
placed  both  on  the  hull  and  on  a  level  with  the  upper  deck,  to  take 
off  much  of  the  strain  caused  by  pressure  against  the  spuds  during 
digging. 

On  nearly  all  dredges,  arrangements  are  made  to  handle  any  leaks 
that  may  develop  in  the  hull,  by  having  either  separate  emergency 
pumps  or  pmnp  suctions  attached  or  attachable  to  the  monitor  pump. 
Some  operators  have  a  float  so  arranged  that  a  bell  will  notify  them  if 
water  rises  on  the  hull,  whereas  others  trust  to  regular  investigations. 
On  the  smaller  dredges  a  hand  piunp  on  the  bow  generally  handles 
all  ordinary  seepage,  although  there  is  also  an  emergency  pump  for  use 
if  a  leak  develops. 

On  some  of  the  older  dredges  continual  pumping  is  required  in 
order  to  handle  the  water  coming  in  the  hull,  aaid  a  number  of  dredges 
have  capsized  owing  to  leaks  caused  by  sudden  strains  to  the  hull 
planks.  Although  all  operators  appreciate  the  need  of  properly  ven- 
tilating the  hull,  some  beheve  that  it  is  unnecessary  to  pay  much 
attention  to  the  dredge  housing,  as  wood  housing  will  ordinarily  out- 
last a  huU  two  to  one. 

Most  operators  take  pride  in  the  appearance  of  their  boats,  and 
paint  the  housing  at  least  once  every  two  years;  others,  especially  on 
headline  boats,  or  boats  having  small  flotation  and  on  those  handling 
considerable  clay,  feel  that  it  is  useless  to  try  to  keep  the  dredges 
clean.  Opinions  regarding  the  care  given  machinery  ajso  differ,  and 
one  successful  dredge  operator  feels  that  any  unnecessary  care  given 
to  the  machinery  merely  to  improve  its  appearance  without  adding 
to  the  operating  efficiency  of  the  dredge,  is  useless.  The  larger  com- 
panies make  it  a  rule  to  keep  the  dredge  and  machinery  as  clean  and 
neat  as  possible.    The  men  take  a  much  keener  interest  in  the  work  if 
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everything  is  kept  clean  and  tidy.  Some  companies  have  notices  in 
conspicuous  places,  ''A  place  for  everything  and  everything  in  its 
place."  After  a  breakdown,  there  is  always  more  time  lost  if  there 
is  a  mess  of  grease  and  grime  that  has  to  be  removed  before  the  work 
can  be  properly  done.  Most  men  have  an  aversion  to  greasy  muck, 
and  dread  starting  a  repair  job  in  the  midst  of  a  lot  of  unnecessary  dirt. 

HANDLXNG  OF  LABGE  BOWIJ>EBS. 

The  handling  of  large  bowlders  in  dredging  is  always  somewhat 
difficult.  The  method  used  on  the  dredge  of  the  Andrada  mines 
(Ltd.),  in  Portuguese  East  Africa  is  worthy  of  mention.  When  a 
bowlder  too  large  to  be  lifted  is  encountered,  it  is  usually  either 
passed  over  or  is  pushed  to  one  side;  but  in  groimd  containing  many 
medium-sized  bowlders,  the  bowlders  must  be  raised  in  order  to 
recover  the  mineral  content  of  the  groimd,  especially  when  the 
bowlders  are  near  bedrock.  In  4§  months,  from  February  10,  1914, 
to  the  end  of  June  of  the  same  year,  the  Andrada  dredge,  a  close 
connected  7i-cubic  foot  boat,  treated  547,700  cubic  yards  in  a  groimd 
full  of  bowlders  and  of  clay,  and  picked  up  4,400  bowlders  weighing 
on  an  average  of  more  than  a  ton  each. 

Elimination  of  bowlders  from  the  buckets  is  the  most  delicate  part 
of  the  work.  The  ordinary  method  in  dredging  is  to  stop  the  bucket 
chain,  and,  after  tying  the  bowler  with  slings,  to  raise  it  with  chain 
blocks  suspended  to  a  moving  crane,  and  to  set  it  on  the  deck.  When 
the  bowlder  is  very  big  and  is  squeezed  in  between  two  buckets,  this 
operation  requires  at  the  least  10  minutes.  By  this  method  the 
Andrada  dredge  has  pulled  up  more  than  200  bowlders  of  an  average 
weight  of  one  ton,  and  the  time  lost  has  averaged  just  about  10 
minutes  a  bowlder. 

In  February,  however,  the  nimiber  of  bowlders  foxmd  became  so 
large,  that  the  removing  of  them  by  crane,  operated  at  first  by  hand 
and  later  by  winch,  caused  such  loss  of  time  that  the  actual  dredging 
fell  to  about  50  per  cent  of  the  capacity  of  the  boat.  At  that  time 
cracking  the  bowlders  in  the  buckets  by  blasting,  and  discharging 
the  pieces  through  the  screen  and  stacker  was  tried.  A  small  dyna- 
mite cartridge  was  placed  on  the  bowlder,  covered  with  clay,  and 
fired.  The  bowlder  was  not  broken  in  small  pieces,  which  flew  and 
injured  the  dredge,  but  was  only  cracked  and  caused  to  settle  in  the 
buckets. 

During  March,  1914,  the  Andrada  dredge  picked  up  1,510  bowlders, 
fired  1,544  dynamite  cartridges,  and  lost  only  about  1,800  minutes, 
or,  say,  60  minutes  a  day,  or  1.2  minutes  a  bowlder.  During  the 
month  the  dredge  treated  131,000  cubic  yards  of  groimd  averaging 
15  feet  deep.  In  four  months  the  chain  of  62  buckets  withstood 
4,600  blastings  (nearly  72  blasts  per  bucket),  and  only  5  buckets  were 
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pierced  in  the  hood.  The  holes  then  made  were  only  about  5  inches 
diameter  and  were  easily  patched  and  did  not  interfere  with  the 
working  of  the  buckets. 

The  blasting  of  bowlders  in  buckets  can  be  undertaken  without 
danger,  provided  care  is  taken  as  to  the  quantity  and  placing  of  the 
dynamite  used  and  the  buckets  are  strong  enough. 

NIGHT  LIGHTS. 

In  working  at  night,  either  arc  lamps  or  clusters  of  incandescent 
lamps  are  used,  the  arc  light  being  the  more  economical.  In  addition, 
it  is  good  practice  to  provide  the  dredge  with  a  searchlight  placed  on 
the  front  gantry  and  operated  from  the  pilot  house.  This  searchlight 
f aciUtates  the  work  of  the  winchman  and  furnishes  light  for  shore 
work,  such  as  moving  power  cables  and  shifting  side  lines.  After 
accidents  to  the  electrical  equipment  the  large  acetylene  lights  have 
been  found  useful  in  dredging  operations. 

METHOD  OF  MAKING  BEPAIBS. 

In  Califomia  the  small  dredging  companies  run  the  dredges  con- 
tinually until  these  require  a  complete  overhauling,  when  they  are 
shut  down  for  10  days  or  more  while  the  necessary  repairs  are  made 
(Pis.  LIX,  A,  and  LX,  A).  The  large  companies,  and  some  of  the 
small  operators  have  a  separate  repair  gang  which  is  always  eng£^cd 
on  the  boat  during  clean-up  periods,  when  minor  repairs,  such  as 
changing  bucket  lips  and  tumbler  bearing  plates  are  made.  Exten- 
sive overhauhng  is  often  started  during  clean-up  periods,  on  the  prin- 
ciple that  repairs  should  be  made  as  soon  as  needed.  The  repair 
crew  of  the  large  Califomia  companies  consists  of  eight  or  nine  men, 
who  soon  gain  a  knowledge  of  all  the  different  methods  of  repairing 
used  on  the  different  dredges.  The  maintenance  of  a  crew  of  trained 
repair  men  greatly  shortens  the  time  lost  on  shutdowns.  The 
dredge  masters  are  encouraged  to  try  new  methods  for  hastening  any 
detail  of  repairing  or  operation,  and  in  that  way  there  is  an  incentive 
for  every  man  to  try  to  improve  on  the  methods  in  use. 

In  the  northern  fields,  as  pointed  out  by  Perry,*  aU  the  heavy 
work  is  done  during  the  winter  or  closed  season.  In  the  autumn, 
when  work  is  suspended,  the  dredges  axe  stripped  of  their  bucket  lines 
and  conveyors.  The  buckets,  screens,  pumps,  and  all  parts  subject 
to  heavy  wear  are  taken  to  the  shops  and  thoroughly  overhauled. 
The  dredges  are  then  put  in  as  good  order  as  possible,  with  a  view  of 
nmning  them  continuously  throughout  the  season  of  approximately 
four  months.  During  the  operating  season  all  repairs  upon  the 
dredges  are  minimized.     For  bucket-line  repairs  the  whole  line  is 

a  Perry,  O.  B.,  Development  of  dredging  in  the  Yukon  Territory:  Trans.  Canadian  Min.  Inst.,  v<^ 
18,  1915,  pp.  32-34. 
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sometimes  removed  and  is  replaced  by  a  line  that  has  been  entirely 
overhauled,  the  other  line  being  repaired  for  the  next  replacement. 
This  arrangement  illustrates  the  advantage  to  an  operating  company 
of  having  all  boats  of  the  same  size  with  interchangeable  parts. 
The  repair  crews  of  some  of  the  large  companies  when  renewing  bucket 
lips  use  a  portable  air  compressor  which  they  take  to  the  diflFerent 
dredges.  This  method  is  much  quicker  and  cheaper  than  taking 
the  buckets  to  the  repair  shop. 

Formerly  at  the  Natomas  Consohdated  there  were  several  different 
sizes  of  dredges,  each  dredge  working  under  different  conditions; 
and  nearly  every  dredge  even  of  the  same  capacity  was  built  dif- 
ferently and  by  different  companies.  Consequently,  it  was  necessary 
to  carry  a  large  stock  of  supplies.  Under  new  management  this 
disadvantage  is  being  adjusted,  and  any  dredges  rebuilt  are  made  in 
two  capacities  only,  machinery  parts  being  made  interchangeable 
for  all  dredges  of  the  same  capacity.  This  plan  has  resulted  in  an 
appreciable  reduction  in  working  cost. 

Broken  or  badly  worn  buckets  are  ordinarily  changed  as  soon  as 
possible  or  at  the  first  clean-up  period.  If  new  parts  are  not  available, 
or  if  for  other  reasons  delay  seems  inadvisable,  the  line  may  continue 
running  even  with  a  number  of  broken  buckets.  The  method  of 
changing  buckets  varies  in  diflFerent  fields.  On  some  dredges  the 
old  line  is  first  removed  entirely,  and  the  new  one  added  in  sections 
which  are  first  connected  on  the  bank,  and  are  hauled  to  the  ladder 
by  cables  from  the  main  winch.  Sometimes  the  buckets  are  replaced 
one  by  one,  new  buckets  being  transferred  to  and  from  shore  by  cable. 
The  practice  at  the  Yuba  Consolidated  is  to  change  buckets  in  sets 
of  six  or  seven;  that  is,  the  extra  buckets  are  taken  to  the  dredge  and 
replace  the  same  number  of  broken  or  worn  ones  in  the  line. 

On  the  No.  14  dredge  the  dredge  crew  directed  by  Mr.  Williams, 
the  dredgemaster,  took  oflF  and  replaced  six  16-foot  buckets  in  40 
minutes.  It  required  12  minutes  only  for  putting  on  the  new  buckets. 
One  hundred  and  eight  7i-foot  buckets  were  taken  out  and  replaced 
in  11  hours  and  15  minutes.  The  Yuba  company  handles  buckets 
by  a  special  small  hoist  operated  by  a  water  wheel  fed  by  a  pump, 
and  a  small  hydraulic  hoist  is  attached  to  the  front  gantry  to  handle 
bucket  pins.  Swinging  rams,  hung  on  either  side  of  the  ladder  on 
the  front  of  the  dredge,  are  used  to  knock  out  old  bucket  pins  and  drive 
in  new  ones. 

USE  OF  DEPTH  INDICATOB  CHABT. 

On  some  dredges  a  time  chart  is  so  arranged  by  connections  to  the 
digging  ladder  that  when  the  ladder  is  raised  or  lowered  the  depth  of 
digging  is  indicated  (fig.  17). 

On  the  Conrey  dredges  an  indicator  is  arranged  on  the  upper 
tumbler  shaft  automatically  to  keep  count  of  the  number  of  buckets 
dumping. 
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Figure  18,  reproduced  from  a  sketch  furnished  by  Charles  Kam- 
merer,  illustrates  the  method  of  ascertaining  the  yardage  dug.  It 
also  shows  the  method  developed  at  Ruby  of  retumiiig  the  bowstring 
lines  to  a  sheave  on  the  lower  end  of  the  ladder,  before  passing 
to  the  swing  winch,  thus  taking  much  of  the  strain  from  the  bo*w  of 
the  hull.     (See  chapter  on  "Operating  Cost."} 

On  many  dredges  working  in  a  known  channel,  and  making  only 
one  cut,  panning  is  practiced  to  determine  the  gold  content  of  the 


FloUBE  i:.— SpeciincD  chart  ehgwini;  rccurcl  ul  dtptti  dug  bj  gold  dredge. 

groimfi.  Sometimes  a  small  section  of  the  gold  table  is  cleaned  daily, 
and  the  course  of  the  dredge  Is  changed  iis  results  indicate  advisable. 
At  Breckenridge  a  short  distance  on  either  side  of  the  richer  section 
being  dredged,  the  gold  content  falls  below  operation  costs,  but  in 
order  to  insure  working  to  the  e.xtreme  limit  of  the  good  ground,  the 
cut  is  extended  slightly  beyond  the  known  limit  of  the  channel. 
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EXTENT  ANB  CAUSES  OF  LOST  TIME. 

When  the  dredge  is  in  operation,  all  time  not  actually  spent  in  dig- 
ging is  generally  considered  as  time  lost.  Some  operators  do  not 
consider  stepping  ahead  as  lost  time,  although  time  spent  in  clean-ups 
is  nearly  always  so  regarded.  The  greatest  proportion  of  lost  time  is 
duo  to  accidents,  delays,  and  repairs  to  the  digging  equipment, 
including  the  changing  of  buckets  and  the  renewing  of  bucket  tips, 
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tumbler  wearing  plates,  etc.,  but  changing  of  the  cushion  type 
upper  tumbler  plates  formerly  used  took  five  men  10  hours.  The 
present  type  of  upper  tumbler  obviates  most  of  this  loss  of  time. 

The  shutting  oflf  of  power  because  of  storms  and  other  causes  outside 
the  dredge  master's  control  sometimes  causes  considerable  loss  of 
time,  though  by  most  operators  this  is  not  considered  loss  of  operat- 
ing time.    They  merely  deduct  this  time  from  the  total  time  the 
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dredge  was  in  operation.  Other  parts  of  the  dredge  that  require 
frequent  attention  and  are  responsible  for  loss  of  time  are  the  screen 
and  the  tailing  stacker,  and  also  the  pumps,  particularly  when  the 
pond  water  is  muddy. 

The  table  following  shows  the  percentage  of  lost  time  attributed  to 
various  parts  of  the  machinery  in  1914  on  dredges  3  and  4  operated 
by  the  Maryarville  Gold  Dredging  Co.  near  Marysville,  Cal.  Loss  of 
time  on  other  dredges  is  shown  in  different  tables  given  in  the  section 
on  working  costs.  The  total  lost  time  on  all  Natomks  Consolidated 
dredges  for  1914  averaged  18  per  cent;  on  all  dredges  of  the  Yuba 
Consolidated  Gold  Fields,  14  per  cent;  and  on  all  dredge-s  of  the 
Marysville  Gold  Dredging  Co.,  15  per  cent  of  the  possible  time. 

Delays  in  dredging  referred  to  causes,  dredges  3  and  4,  Marysville  Gold  Dredging  Co., 

California,  1914. 
Cause  of  delay.  Per  cent  of  total  delay. 

Stepping  up 13. 6 

Stacker 4, 2 

Clean  up 11.  7 

Motors L  0 

Lower  tumbler 8. 2 

Upper  tumbler 4. 4 

Lines 5. 1 

Pumps 3. 1  ^ 

Screen 7. 8  • 

Buckets , 8. 1 

Power 6. 6 

Rollers 4.  6 

Sand 2 

Winches 2. 0 

Upper  tumbler  drive 2. 9 

Miscellaneous 16. 5 

The  following  notice  regarding  the  recording  of  delays  is  issued 
by  the  Marysville  Gold  Dredging  Co.: 

NOTICE. 

In  order  that  reports  may  be  uniform,  please  be  guided  by  the  following  when 
making  record  of  delays  on  winchman's  shift  report: 

Stepping  up. — Include  also  moving  dredge  to  new  position. 

Stacker. — Includes  stacker  belt,  stacker  drive  (not  motor  trouble),  idlers,  guy  ropes, 
drums,  etc. 

Clean-up. — Time  actually  engaged  in  clean-up. 

Motors. — ^This  refers  to  all  motors  on  dredge. 

Lower  tumbler. — Refers  to  time  lost  oiling  and  any  repairs  to  lower  timibler,  or 
lower  tumbler  bearings  or  bushings. 

Upper  tumbler. — Includes  all  parts  of  upper  timibler  and  bearings  of  same,  and 
upper  tumbler  shaft. 

Ldnes. — Refers  to  ladder  lines,  swinging  lines,  or  stem  lines. 

Pumps. — All  delays  caused  by  pumps  (not  pimip  motors),  including  also  screen 
around  intake. 

Screen. — Delays  on  account  renewing  or  repairing  revolving  screen,  screen  drive, 
rollers,  bearings,  driving  gears,  spray  pipe,  etc. 

Buckets. — ^Time  lost  repairing  or  replacing;  also  when  off  tumblers,  unless  clearly 
caused  by  defective  tumbler. 

Power. — Delays  caused  by  power  being  off  or  low  voltage. 

Rollers. — ^Refers  to  ladder  rollers,  bearings,  chairs,  bushings,  oiling,  etc. 
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Windies,—'RBien  to  both  ladder  hoist  winch  and  main  winch  for  swinging  lines. 

Bucket  drive. — Refers  to  «11  gears,  shafts,  bearings,  etc.,  in  connection  with  driving 
apper  tumbler,  including  magnetic  clutch. 

Electric  equipment  and  power  lines. — ^Refers  to  power  cables,  power  lines,  switches 
and  switch  boards,  controllers,  transformers,  wiring,  and  all  electric  equipment 
except  motors. 

Spud.— All  delays  caused  by  spuds,  springs,  spud  housing,  lines,  etc. 

Hopper, — Delays  caused  by  clogging  of  hopper  or  any  repaizs  to  hopper. 

Ladder. — Digging  ladder  only;  cleaning,  repairing;  includes  ladder  arms  and  chafing 
beams. 

Tables. — Includes  also  sluices,  distributors,  and  save-all. 

Miscellaneous. — ^All  other  causes  of  delays  not  covered  by  the  above  headings, 
giving  cause. 

In  making  bucket-line  report,  when  giving  number  on  base  from  which  a  pin  has 
been  removed,  or  put  in,  use  the  number  on  base  in  which  the  lug  fits. 

The  following  table  «  showing  segregated  causes  of  lost  time  on  a 
small  dredge  in  Alaska  is  of  interest,  as  it  is  not  only  typical  of  the 
work  of  a  single  dredge  in  an  isolated  field,  but  of  a  modern^  steam- 
driven  dredge  operating  under  severe  conditions  in  the  northern  field. 
Out  of  a  total  possible  dredging  time  of  3,144  hours,  805  hours,  or 
25.7  per  cent,  was  lost  for  various  causes. 

Causes  of  lost  time  on  an  isolated  gold  dredge  in  A  laslca. 

Time  lost. 
C^osB.  Hrs.    Klin. 

Bucket  line* 19  39 

lyjwer  tumbler 45 

Uppertumbler 1  10 

Maingearing 103  46 

Digging  ladder 24  25 

Hoppers 33  40 

Save-aU 20  15 

Screen 61  19 

Stacker 75  54 

Flumes,  etc 27  31 

Pumps,  screen 70  37 

Winches 60  63 

Lines 64  6 

Spuds 16  15 

Digging  engine 4  20 

Pump  engine 18  65 

Oiliii 6  31 

Stepping 141  5 

Clean-ups 35  10 

Rocks 13  14 

Fuel 2  0 

Light  plant 13 

Frozen  ground - 99  45 

Miscellaneous 144  24 

Total 805      1 

Thawing  (included  in  "Miscellaneous ") 79      5 

Bringing  water  to  pond  (included  in  ' 'Miscellaneous  ") 29     0 

•  rrom  report  of  Gerald  Hutton,  dredgemaster  for  C.  7.  Berry  Dredgfne  Co.,  1915. 
^  Most  ot  the  lost  tinM  was  caoaed  by  the  bucket  lloe  coming  off  the  lower  tumbler  during  heavy  aide 
teeding. 
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The  table  following  shows  causes  of  delay  and  percentage  of  time 
lost  in  operation  of  dredges  in  Montana: 


Causes  of  delay  on 

dredges  Nos,  1,  i,  S,  and  4,  of  the  Conrey  Placer  Mining  Co.  and  Poor 
Farm  Placer  Mining  Co.,  1914. 

Cause  of  delay. 

Time  lost  on  dredge  No 

. — 

Percentage  of  time  lost  on  dredge  No.— 

1. 

Hn.  M. 

131    50 

367      5 

260    10 

98    50 

2. 

Mrs. 

119 

448 

176 

60 

15 
55 

55 

3. 

Era,   3/". 

97    30 
250 

278    20 
ISO    40 
147    35 

34    25 
166    55 

43    30 
•279    55 

92    45 
55      5 

284    20 
40 

219    30 
21    40 

4. 

Hra. 

153 

299 

212 

17 

M. 

20 

55 

15 

5 

1. 

2. 

3. 

4. 

Clean-UD 

1.50 
4.19 
2.97 
L13 

1.36 

5.13 

2.01 

.80 

1.11 
2.K5 
3.1s 
2.06 
1.68 

.39 
L91 

.50 
3.20 

1.07 

.63 

3.25 

1.75 

Moving  ahead. 

Lines  and  spuds 

Winches 

3.42 

2.42 

.19 

Flume. ,  T 

Ladder...' 

11    45 

86    35 

4    10 

212    25 

95 

61    35 

43    55 

10 

212    55 

23    05 

186    05 
1    00 

13    30 
1    30 
8    10 

32 

32 
1    30 
4    30 

71 
184 

33 
161 

277 
47 
72 

108 

39 

90 

7 

3 

o:, 

55 
40 
25 

55 

15 

35 

15 

35 

45 

55^ 

55 

15 

453 

313 

73 

115 

275 

27 

337 

19 
63 
69 
50 

15 
65 
50 
20 

35 
25 
10 
15 
55 
10 
55 
35 
55 
20 

.14 

.99 

.Oo 

Z43 

1.09 
.70 
.50 

.81 
2.11 

.38 
1.84 

3.17 
.54 
.83 

5.  IH 

Tumblers 

3.0S 

HoDDer 

.M 

Omzly 

1.32 

Bucket    chain    and 
drive 

3.15 

Pumps  and  piping . . . 
Electrical  appuanoes. 

Heating  system 

Di^bris 

.31 
3.S5 

■i'43' 
.27 

2.13 
.01 
.15 
.01 
.09 
.36 
.36 
.01 
.05 

1.24 
.46 

1.04 
.09 
.04 

2.51 
.25 

.01 

Power  off. 

.22 

Stacker 

.73 

Tables  and  sluices. . . . 

20 
8    10 

.79 

Well 

.09 

.38 

Gang  plank 

Unloading  coal 

July  4 

16 
40 
40 

25 

17 
40 
40 

.19 
.46 
.46 

.19 
.46 
.46 

40 
40 

.46 

Christmas. 

.46 

Scow 

Hull  and  housing .... 

4 

50 

.05 

Low  water 

3 
1,024 

.03 
11.09 

Winter  conditions.. . . 

Raising  No.  1  dredge . 

192    50 

2.20 

Headf  rame 

68 

30 
40 

.78 

Miscellaneous 

fi    30 

.07 

1 



Total  delays 

Total  running 
time 

2,062    35 
6,677    25 

2,084 
6,676 

3,291    50 
5,468    10 

2,564 
6,195 

10 
50 

23.76 
76.24 

23.79 
76.21 

37.58 
62.42 

29.26 
70.74 

Total  time 

8,760 

8,760 

j8,760 

8,760 

100 

100 

100 

100 

WATER  CONSUMPTION  IN  GOLD  DBEDGING. 

The  quantity  of  water  required  in  dredging  varies  with  the  size 
and  type  of  dredge  and  the  character  of  the  material  to  be  handled. 
The  fresh  water  that  runs  into  the  dredging  pond  does  not  by  any 
means  indicate  the  quantity  suppUed  to  the  gold-saving  tables  by 
the  pumps,  as  the  water  from  the  dredge  pond  is  constantly  reused. 
The  quantity  of  fresh  water  obtained  from  outside  sources  depends 
on  the  nature  of  the  material  to  be  washed  and  on  the  water  level 
on  the  groimd  being  dredged.  The  quantity  of  water  that  is  sent  to 
the  gold-saving  tables  is  regulated  by  the  dredge  pumps.  The  fol- 
lowing calculations  assume  that  the  pumps  were  running  at  full  ca- 
pacity, and  do  not  take  into  consideration  excess  water  lifted  by  the 
dredge  buckets.  On  a  large  dredge  working  in  easily  washed  gravel 
there  are  two  14-inch  pumps  which,  when  the  dredge  is  at  work, 
furnish  water  as  foUows:  High-pressure  pump,  5,500  gallons  per 
minute;  low-pressure  pump,  5,  500  gallons  per  minute,  or  a  total  of 
660,000  gallons  an  hour.     On  the  basis  of  a  running  time  of  22  hours 
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and  a  daily  capacity  of  10,000  yards,  these  figures  would  indicate 
approxiinately  10  cubic  yards  of  material  washed  per  inch  of  water, 
and  about  1,400  gallons  to  a  cubic  yard  of  material  dug  and  washed 
in  the  screen. 

The  percentage  of  fine  material  in  imdersize  that  goes  to  the  tables 
from  the  screen  varies  from  35  to  60  per  cent  of  the  total  material 
handled,  so  at  this  stage  of  the  operations  there  is  more  water  used 
per  cubic  yard  of  material  washed  than  is  shown  by  figures  based  on 
the  total  yardage  dug. 

As  a  rule  dredges  working  river  bottoms  or  owning  a  gravity 
water  supply  take  no  account  of  the  fresh  water  used,  but  on  dredges 
for  which  water  must  be  purchased  the  quantity  used  is  recorded 
l>y  a  gag©-  Figures  taken  from  the  report  of  the  Natomas  Consoh- 
dated  for  1913  indicate  that  there  was  suppUed  an  average  of  100 
inches  of  water  per  dredge  for  the  Folsom  dredges. 

Dredges  working  in  Calaveras  Coimty  pump  water  from  the  river, 
the  only  cost  being  pumping  charges.  The  quantity  of  fresh  water 
suppUed  for  the  5-foot  boats  is  estimated  to  be  50  to  70  inches.  At 
fiohanan  Bar  near  Sabnon,  Idaho,  the  manager  calculated  that  when 
the  dredge  was  working  upstream  on  a  4  per  cent  grade,  350  inches 
of  water  was  required  from  outside  sources  to  supply  fresh  water  and 
to  maintain  flotation  of  tho^dredge. 

On  dredges  hke  the  Natoma  Nos.  9  and  11,  which  work  much 
sticky  clay,  in  addition  to  the  pumps  supplying  water  to  the  screens 
and  the  tables,  the  quantity  of  wash,  water  is  increased.  There  are 
two  nozzles  discharging  water  at  high  pressure  (910  pounds)  into  the 
buckets  as  they  dump  into  the  hopper.  These  pumps  would  require 
an  increased  water  supply  of  about  50  per  cent  over  that  for  the  other 
dredges.  The  yardage  of  these  dredges  averages  about  350  yards  per 
hour;  hence  the  water  furnished  the  screen  would  be  about  2,800 
gallons  per  cubic  yard  of  material  dug. 

Plate  LIX,  B  (p.  124),  shows  a  revolving  screen  washed  with  water 
from  nozzles  attached  to  a  pipe  passing  through  the  screen,  and  Plate 
LX,  B  (p.  124),  shows  a  revolving  screen  with  nozzles  at  each  end  for 
supplying  water. 

On  the  5-foot  dredges  there  are  generally  provided  two  8-inch 
pumps,  which  supply  about  3,200  gallons  of  water  per  minute.  Based 
on  a  working  time  of  22  hours  a  day,  this  would  be  equivalent  to 
284  inches  of  water.  Assuming  3,000  cubic  yards  dredged  a  day, 
the  number  of  gallons  of  water  used  per  cubic  yard  would  bo  1,400. 
The  water  consumption  stated  in  cubic  yards  dredged  per  inch  of 
water  used  is  approximately  10.6. 

On  the  small  Alaska  dredges  a  10-inch  pump  works  under  a  head  of 
45  to  50  feet,  furnishing  about  3,000  gallons  a  minute.  Based  on  a 
22-hour  day  and  an  average  of  2,000  cubic  yards  dredged  daily,  this 
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figures  266  inches  of  water,  with  7.5  cubic  yards  to  the  inch  and 
nearly  2,000  gallons  per  cubic  yard.  On  the  small  flume  type  of  dredge, 
with  2  J-cubic-foot  buckets,  which  has  become  so  popular  ia  Alaska, 
one  14-inch  pump  under  the  low  head  of  about  22  feet  is  used. 
This  deUvers  about  5,500  gallons  per  miuute  and  on  the  basis  men- 
tioned above  gives  488  inches  of  water  or  4  cubic  yards  to  the 
inch,  and  3,600  gallons  per  cubic  yard.  This  type  of  dredge  requires 
more  water  than  the  screen  dredge  on  account  of  the  method  of 
washing  the  material  that  dumps  from  the  buckets  in  to  a  straight  flume 
instead  of  into  the  hopper  supplying  the  screen. 

On  the  9-foot  flume  dredge  of  the  Conrey  company  there  are  two 
10-inch  pumps  and  one  12-inch  and  one  14-inch  pump,  which  supply 
the  screen  and  the  sluices  with  about  12,500  gallons  per  minute. 
As  the  average  capacity  of  the  dredge  has  been  161  cubic  yards  per 
hour,  4,800  gallons  per  cubic  yard  has  seemingly  been  required,  though 
the  actual  amount  may  have  been  less,  as  the  pumps  may  not  at 
times  have  been  worked  to  full  capacity. 

On  the  Conrey  No.  4  dredge  the  pumps  furnish  iriore  than  12,000 
gallons  a  minute,  and  the  capacity  of  the  dredge  has  averaged  420 
cubic  yards  an  hour,  or  7  cubic  yards  a  minute,  since  starting,  indi- 
cating that  1,700  gallons  of  water  has  been  pumped  per  cubic  yard 
dug. 

On  the  Boston  &  Idaho  dredge  there  are  three  14-inch  pumps, 
which,  when  handling  the  maximum  capacity  of  gravel,  furnish  nearly 
20,000  gallons  of  water  a  minute.  As  more  than  700  cubic  yards  an 
hotu*  has  at  times  been  dug  by  this  dredge,  this  dredge  will  also  use 
approximately  1,700  gallons  of  water  per  cubic  yard. 
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"Safety-first"  rules  for  the  prevention  of  accidents  should  be  in 
force  on  gold  dredges  as  in  any  well-conducted  machine  shop  or 
other  industrial  plant.  They  wUl  increase  the  efficiency  of  the  men 
about  the  dredge  as  well  as  to  save  them  from  accidents  resulting 
from  their  own  carelessness. 

AH  belt  railings,  gear  guards  and  gear  railings  on  dredges  and  in 
machine  shops  should  be  so  arranged  as  to  make  it  difiicult  for  the 
men  to  step  between  the  top  and  bottom  of  a  running  belt  or  through 
the  slow-running  bull  wheels.  The  form  of  these  guards  will  vary 
according  to  the  arrangement  of  the  drives  and  according  to  the 
construction  of  the  machinery  to  be  guarded,  suiting  the  climatic 
conditions  imder  which  the  dredge  is  to  work. 

The  general  safety  orders  of  the  industrial  accident  commission 
of  California  prescribe  the  following: 

All  geaiB,  where  exposed  to  contact,  must  be  entirely  incloeed,  or  equipped  with 
side  flanges  extending  beyond  the  root  of  the  teeth. 

All  spoke  gears  and  open- web  gears  which  are  over  18  inches  in  diameter,  where 
exposed  to  contact,  must  be  entirely  inclosed.  On  laige  gears,  such  as  those  in  heavy 
shears  or  punches,  the  guard  must  be  such  as  to  cover  them  to  a  height  of  7  feet  above 
the  floor. 

Where  it  is  clearly  impracticable  to  cover  gears,  as  described  above,  a  boxed  frame 
of  metal  or  wood  must  be  installed,  completely  shutting  off  the  machinery  gears. 

All  gear  guards  must  be  kept  in  place  while  the  machinery  is  in  operation. 

All  belts,  ropes,  or  chains  driving  machinery  or  shafting,  and  all  secondary  belts, 
ropes,  or  chains  where  exposed  to  contact,  must  be  guarded.  In  all  cases  the  point 
where  the  belt,  rope,  or  chain  runs  onto  the  pulley,  sheave,  or  sprocket,  if  within  7 
feet  of  the  floor  or  platform,  must  be  guarded. 

Exception:  Belts  which  are  so  small  or  so  slow  moving  that  they  are  not  in  any 
way  a  source  of  danger. 

All  horizontal  belts,  ropes,  or  chains  driving  machinery  or  shafting,  7  feet  or  less 
above  the  floor  or  platform,  where  exposed  to  contact,  must  be  guarded.  All  over- 
head belts  6  inches  or  more  in  -width  and  over  7  feet  from  floor  or  platform,  must  be 
guarded  underneath  and  on  sides  unless  so  guarded  that  persons  can  not  pass  under 
them.  All  chain  or  rope  drives  over  7  feet  from  the  floor  or  platform  must  be  guarded 
in  like  manner  to  belts  over  6  inches  in  width.  In  all  cases  the  guard  should  cover 
the  outer  faces  of  the  two  pulleys  or  sheaves  and  extend  upward  to  such  a  point,  and 
be  attached  in  such  a  way  that  in  case  the  belt,  chain,  or  rope  breaks  the  guard  will 
withstand  the  whipping  force. 

Vertical  and  inclined  belts  must  be  guarded  substantially  as  follows:  If  the  guard 
must  be  less  than  15  inches  from  the  belt,  with  a  complete  inclosure  of  wood  or  metal 
to  a  height  of  6  feet  above  the  floor.  If  the  guard  can  be  placed  with  at  least  15  inches 
clearance  from  the  belt,  with  a  two-rail  railing  at  least  3^  feet  high. 
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Oiling  facilities  and  convenience  in  repairing  should  receive 
special  consideration  with  a  view  to  miiximizing  the  chances  of  ac^'i- 
dents  to  the  machinery  itself,  as  well  as  to  the  crew.  Except  for 
motor  and  pump  bearings,  practically  all  the  bearings  on  a  gold 
dredge  are  lubricated  with  grease,  and  therefore  must  be  filled 
either  every  shift  or  every  day.  As  there  are  a  rather  large  number 
of  bearings,  the  grease  cups  and  grease-gun  openings  should  be 
placed  conveniently  so  that  the  oiler  may  grease  as  many  bearings 
as  possible  while  the  dredge  is  rumiing,  without  exposing  Thdmself  to 
any  danger.  If  the  grease  cups  are  placed  some  distance  from  the 
bearing  proper,  larger  pipes  should  be  used  so  as  to  decrease  the 
friction. 

The  lower  tumbler  may  be  greased  by  means  of  mechanically 
operating  grease  pumps  driven  from  the  upper  tumbler  shaft,  and 
equipped  with  a  pressure  gage  in  the  pilot  house  to  indicate  that  they 
are  working  properly.  The»  passage  for  the  grease  may  be  drilled 
through  the  whole  length  of  the  lower  ladder  end  casting  to  which 
it  may  be  connected  by  a  IJ-inch  pipe  running  under  and  outside 
the  ladder  flange.  On  the  upper  end,  this  pipe  is  connected  by  means 
of  a  metal  house,  to  the  pump.  Each  side  of  the  lower  tumbler  is 
lubricated  independently. 

The  ladder  roUer  bearings  have  to  be  greased  separately  with  a 
grease  pump.  A  considerable  saving  in  weight  can  be  effected  by 
making  the  barrel  of  the  grease  pump  of  aluminum.  The  oiler  has 
to  walk  up  and  down  the  inclined  ladder  on  the  ladder  flange,  and 
he  will  readily  appreciate  the  difference  in  weight. 

Platforms  should  be  provided  on  both  front  and  rear  gantries  for  oil- 
ing the  ladder-hoist  sheaves,  the  spud  sheaves,  and  the  stacker  sheaves. 
If  a  double  ladder  hanging  is  used,  there  should  also  be  a  platform 
for  the  lower  sheave  blocks.  The  platforms  should  be  made  strong 
enough  so  that  they  may  be  utilized  in  repairing  the  parts  men- 
tioned. All  stairways  should  be  provided  with  smooth  railings. 
Platforms  should  have  both  railings  and  toe  boards  wherever  prac- 
ticable. All  sheave  blocks  should  be  equipped  with  separate  oil 
holes  and  grease  cups  for  each  sheave. 

The  hubs  of  operating  levers,  as  well  as  the  shaft  bearings  for  lever 
connections,  should  be  provided  with  oil  holes  or  grease  cups.  Proper 
use  of -them  will  prevent  the  sticking  of  levers,  caused  by  the  cutting 
or  rusting  of  shafts  and  bearings,  and  will  also  make  the  handling 
of  the  levers  less  arduous. 

Efficient  oiling  arrangements  not  only  add  to  the  safety  of  the 
oiler,  but  increase  the  life  of  bearings  and  shafts,  and  result  in  bettor 
running  time. 

Drip  pans  should  be  arranged  underneath  the  gear  trains  and 
bearings  to  catch  excess  grease,  to  help  to  keep  the  dredge  clean,  and 
to  prevent  accumulation  of  grease  on  the  deck  and  floors. 
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For  bucket-line  repairs,  the  ladder  should  bo  provided  with  deals 
or  equivalent  members,  to  which  cables  may  be  hitched.  They 
should  be  so  arranged  that  a  hitch  may  easily  be  made  around  them. 

Keys  for  connecting  the  hubs  of  revolving  or  swinging  members 
to  shafts  should,  if  possible,  be  of  the  head  type;  if  this  is  imprac- 
ticable, arrangement  should  be  made  for  backing  out  the  keys. 
For  the  flange  couplings  of  direct-connected  centrifiigal  pumps,  the 
Woodruff  keys  for  hubs  and  shafts  seem  to  be  preferable  to  the 
ordinary  taper  keys  for  insuring  easy  disconnection  of  the  coupling 
when  ring  members  of  the  lamp  shaft  have  to  be  renewed  and  are 
too  small  to  slip  over  the  couplings. 

The  seats  of  hubs  having  a  press  or  shrink  fit  on  a  shaft  should  be 
made  about  one-sixteenth  inch  lai^er  in  diameter  than  the  remainder 
of  the  shaft,  for  convenience  in  backing  the  gears  or  pulleys  con- 
nected to  the  shaft. 

Belt  speeds  on  dredges,  especially  on  the  first  countershaft  on  the 
bucket-drive  motor,  should  be  kept  below  4,000  feet  per  minute,  as 
at  a  higher  speed  the  problem  of  shaft  and  pulley  balance  enters, 
and  bursting  of  clutches,  owing  to  centrifugal  and  other  forces,  is 
possible. 

Electric  wiring  should,  in  general,  be  installed  according  to  the 
fire  underwriters'  code.  Wires  should  be  run  in  metal  conduits. 
For  a  2,200-volt  circuit,  lead-covered  cables,  with  all  joints  carefully 
soldered,  are  reconmiended.  Outlets  close  to  the  motor  terminals 
should  be  arranged  to  guard  against  mechanical  injury.  A  slot  or 
hole  in  the  conduit  at  the  lowest  point  of  the  circuit  will  prevent 
accumulation  of  water  from  any  source.  The  wires  to  the  con- 
trollers of  the  variable-speed  motors  should  preferably  be  run  in 
conduits  to  prevent  fouling  with  operating  levers  below  the  floor  of 
the  pilot  house. 

Rubber  matting  on  floors  below  the  switchboard  and  below  motor 
starters  has  proved  of  advantage.  Discarded  conveyer  belt  may  be 
used  for  the  purpose.  Care  should  be  taken  to  see  that  gravel  and 
grit  are  not  allowed  to  be  tramped  into  the  rubber  mat,  as  a  small 
puncture  will  allow  a  ground  to  be  made.  Mats  held  together  with 
wooden  pins  are  recommended  as  best,  but  they  must  be  kept  dry 
at  all  times  when  in  use.  It  is  suggested  that  a  wooden  mat  be 
placed  on  top  of  a  rubber  matting.  To  prevent  stumbling,  the  two 
ends  and  the  side  away  from  the  switchboard  should  be  beveled. 
Rubber  gloves  are  valuable  for  the  crew  for  handling  shore  cable 
and  extension  pole  lines. 

As  climatic  conditions  and  operating  requirements  influence  the 
most  desirable  construction  of  electric  motors  no  detailed  remarks 
need  be  made  about  them  except  that  they  should  be  fully  guarded 
by  railing  or  wire  netting. 
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If  tranaformers  are  iised  on  board  the  dredge,  they  should  bo 
housed  as  independently  as  possible  from  the  rest  of  the  dredge. 
On  a  wooden  hull  dredge,  the  transformer  house  should  be  lined  with 
asbestos  and  galTanized-iron  sheathing.  The  switchboards  should 
be  equipped  with  all  the  safety  and  protective  devices  used  on  any 
first-class  electrical  installation. 

Flanges  on  water  piping  should  be  made  of  material  to  withstand 
vibration  strains  set  up  in  digging. 

For  pump-discharge  valves  and  for  all  other  gate  valves  used  on 
dredges,  outside  spindle  valves  or  valves  equipped  with  indicators 
are  desirable,  as  they  give  instant  information  as  to  the  amount  of 
valve  opening.  Foot  valves  can  be  made  so  that  the  valve  seats  are 
accessible  and  so  that  the  valve  flaps  may  be  replaced  without 
hoisting  the  suction  out  of  the  water. 

Although  the  underwriters'  rules  specify  fire  pumps  on  board 
of  dredges,  these  pumps  are  generally  useless  as  they  are  driven 
by  the  same  power  that  operates  the  dredges  and  the  usual  cause 
of  fire  is  through  some  disarrangement  of  the  electric  current,  which 
of  course  puts  all  the  motors  out  of  commission.  It  would  be  better 
policy  to  have  an  auxiUary  fire  apparatus  consisting  of  a  quick- 
starting  gasoline  engine  which  could  be  started  at  a  moment's  notice, 
attached  to  a  fire  pump  with  150  feet  of  hose,  and  placed  on  a  barge 
alongside  the  dredge.  This  would  be  a  precautionary  measure  that 
would  appeal  to  insurance  companies  and  result  in  a  reduction  in 
rates. 

In  addition  to  having  a  number  of  effective  hand  extinguishers  at 
readily  accessible  places,  a  large  chemical  extinguisher  on  wheels 
with  a  capacity  of  20  gallons  or  more,  with  hose  connected,  should 
be  supplied.  The  first  cost  of  such  an  extinguisher  is  small,  and 
several  disastrous  fires  could  have  been  averted  had  the  dredges  been 
supplied  with  them. 

The  cause  of  the  Viloro  dredge  (PI.  LXI,  A)  being  lost  by  fire 
was  thought  to  have  been  a  breakdown  or  short  circuit  in  the  main 
bank  of  transformers,  as  flames  suddenly  burst  through  the  trans- 
former housing.  Three  men  were  on  shift  and  two  of  them  must 
have  seen  the  flames  at  about  the  same  time  and  rushed  for  the 
fire  apparatus.  One  of  the  men  who  was  on  the  lower  deck  made 
an  effort  to  start  the  high-pressure  pump  that  was  connected  to  the 
fire  mains,  only  to  find  that  the  power  was  off  owing  to  the  panel  at 
the  substation  being  thrown  out.  Thus  a  first-class  pumping  plant, 
attached  to  a  separate  set  of  transformers,  proved  inadequate  in 
time  of  need. 

The  lack  of  cleanliness  and  the  careless  handling  of  oil  and  other 
inflammable  material  about  dredges  can  not  be  too  severely  con- 
demned.   It  is  better  to  be  safe  than  sorry,  and  a  little  attention 
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to  some  of  these  rules  is  certainly  justified.  Oil  may  be  readily 
removed  from  floors  by  sprinkling  them  Mdth  air-slaked  lime  and 
then  brushing  them  with  a  stiff  brush. 

It  is  well  to  have  sand  within  easy  reach  to  use  in  overcoming 
electrical  disturbances  at  transformers,  and  the  judicious  use  of 
asbestos  board  or  other  fireproof  material  at  exposed  places  is  advis- 
able. In  addition,  on  wooden  dredges,  a  few  dollars  can  be  advanta- 
geously spent  in  liquid  stone  or  other  fireproof  paint  for  exposed 
woodwork.  The  new  steel  dredges  are  regarded  as  fireproof,  and 
no  fire  insurance  is  carried  on  them. 

The  foregoing  general  suggestions  are  offered  for  consideration. 
The  application  of  such  measures  is  the  business  of  the  dredge  builder. 
The  instruction  of  the  dredge  crew  as  to  their  respective  duties 
r^arding  operation,  use,  and  care  of  tools  and  machinery,  inspection 
of  hoisting  and  swing  lines,  proper  anchoring  of  the  swing  lines, 
and  the  like  is  part  of  the  dredge  master's  task. 
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The  gold-saving  appliances  of  a  modem  dredge  consist  of  a  revolving 
screen  to  disintegrate  and  classify  the  dredged  material,  a  distributor, 
and  a  series  of  tables  and  sluices  fitted  with  riffles.  Formerly  the 
shaking  screen  had  a  number  of  advocates,  but  all  dredges  built  in 
recent  years  have  been  equipped  with  the  revolving  screen  which  has 

proved  its  superiority 
as  a  disintegrator  and 
classifier,  especially 
when  the  material  is  at 
all  difficult  to  wash. 

With  a  few  excep- 
tions, the  metallurgy 
of  dredging  is  simple, 
and  until  recently  few 
changes  have  been 
made  in  the  gold-sav- 
ing arrangements  of  a 
dredge  during  the  last 
six  or  eight  years. 
Although  considerable 
attention  has  been 
given  to  increasing  the 
yardage  handled  by 
the  dredge  and  to  in- 
creasing the  operating 
time,  it  was  thought 
that  additional  table 
area  was  sufficient  for 
all  metallurgical  re- 
quirements. In  the 
early  days  of  dredging 
experiments  were 
made  to  ascertain  the 
loss  of  gold  in  dredge 
tailings,  but  it  was 
difficult  to  obtain  a 
representative  sample.  Although  most  of  the  tests  showed  a  loss 
of  some  gold,  the  loss  on  the  best  managed  dredges  was  generally 
estimated  to  be  not  more  than  5  per  cent  of  the  total  content  for  the 
groimd  handled,  and  many  of  the  operators  were  content  to  let  well 
enough  alone.  Present-day  tests  have  demonstrated  that  there  has 
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been  a  considerable  gold  loss  at  times,  and  far  more  attention  is 
being  given  to  improving  the  percentage  of  gold  recovery.  The  most 
important  change  that  has  been  made  to  this  end  is  the  ase  of  jigs 
to  replace  or  supplement  tables,  and  tbe  grinding  of  jig  concentrates 
in  order  to  brighten  the  maty  gold  so  that  it  will  amalgamate. 
USB  OF  JIGS. 

According  to  the  author's  recollection,  the  use  of  jigs  on  the  gold 
dredge  was  first  suggested  by  Robert  H.  Richards,"  following 
experiments  made  by  the  United  States  Geological  Survey  at  Port- 
land, Oreg.  It  remained  for  J.  W.  NeiU  to  first  try  out  this  idea  on  a 
working  scale.  Mr.  Neill  describes  *  his  tests  with  the  jigs  on  the 
Yosemite  dredge  in  California.     (See  figs.  19,  20,  and  21.)     Subse- 


.,»»*^ 


FioDiE  n.— Crosi  sectinn  showing  arraageiiuDt  of  ]les,  Hardlngo  mltl,  md  amaigMnntor,  YDseinll«  dredge. 

quent  experiments  with  one  of  these  jigs  were  made  on  Dredge  No.  7 
of  the  Natomas  Consolidated  Co.  It  was  found  that  a  considerable 
quantity  of  gold  failed  to  amalgamate  and  was  lost  in  the  tailing. 
A  number  of  changes  and  improvements  were  made  in  the  jig,  and 
it  has  to-day  proved  a  decided  advantage  in  saving  fine  gold  and 
gold  that  will  not  easily  amalgamate. 

OOLD-SAVINa  EOXnpUENT  ON  TWO  NATOUA  DREDQES. 
The  installation  on  the  No.  7  dredge  consists  of  8  jigs  and  two 
4i-foot  Hardinge  pebble  mills.  Four  of  the  jigs  and  one  of  the  mills 
■were  placed  on  each  side  of  the  dredge.  On  the  No.  10  dredge  10 
jigs  are  used — 5  on  each  side.  The  jigs  are  placed  in  the  first 
four  sluices  of  the  gold  tables  leading  from  the  upper,  or  forward, 
end  of  the  screen,  and  the  mills  are  placed  on  the  main  deck,  so  that 

"  RldBrds,  R.  H.,  ruUatJoii  of  hUick  sand:  Eng.  and  MIq.  Jour.,  vo[.  83,  Juno  »,  1907,  pp.  1251-125^ 
'  Stiit,  J,  W.,  AppllcsUon  orjlga  to  gold  dredging:  Uln.  and  Sd.  Pieas,  vol.  10B,  Not.  28, 1BK,  pp.  S3e-S42. 

1462°— 18— Bull.  127- — -10 
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the  concentrates  from  the  jigs  will  run  by  gravity  to  the  feed  box  of 
the.  mill. 

The  resiilts  of  several  tests  made  at  different  times  indicate  that 
the  two  mills  handle  approximately  75  to  80  tons  of  concentrates  a 
day,  on  the  basis  of  a  daily  average  running  time  of  20  hours.  The 
sluices  in  which  the  jigs  are  placed  recover  approximately  75  or  80 
per  cent  of  the  gold  that  is  recovered  on  the  dredge. 

The  value  of  the  concentrates  from  the  jigs  varies  from  75  cents 
to  about  $1.50  a  ton,  from  about  6  to  12  per  cent  of  the  gold  cleaned 


Figure  21.— Plan  and  elevation  of  tables  on  Yosemite  dredgO;  showing  position  and  drive  of  Jigs  and  milL 

up  on  the  tables.  Tests  made  for  comparative  purposes  indicate 
that  not  less  than  75  per  cent  of  the  gold  passing  through  the  mill 
is  recovered  by  the  jigs  and  mills. 

Several  tests  to  determine  the  saving  of  gold  after  it  had  passed 
through  the  mill  showed  that  the  losses  between  the  heads  or  con- 
centrates from  the  jigs  and  the  tails,  after  the  material  had  passed 
through  the  mill  and  over  the  plates,  were  from  traces  to  5  cents 
per  ton.  The  valuable  material  lost  was  in  the  form  of  minute  par- 
ticles of  gold  amalgam  and  floured  quicksilver. 
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The  following  figures  regarding  the  Natoma  dredges  were  furnished 
by  Griffin :» 

Each  bank  of  jigs  and  one  mill  are  driven  by  a  25-horsepower  motor.  The  total 
power  consumed  ia  about  36  horsepower,  divided  about  18  horsepower  to  the  mills 
and  18  horsepower  to  jigs. 

The  labor  cost  averages  about  |110  a  month;  material,  about  $25;  and  power,  about 
$120;  total,  $255. 

We  have  jig  and  mill  equipment  on  dredges  Noe.  7,  8,  9  and  10  and  a  jig  without 
mill  on  No.  4.  My  data  are  complete  on  only  dredges  Nos.  7  and  10,  results  from 
which  follow: 


Goldr 

ecoveryfrom  mills  and  jigs 

of  Natoma  Nos.  7  and  10  dredges. 

Dredge 
No. 

Period 
days. 

Cubic 

yards 

dredged. 

Gross 
clean-up. 

Value 

per  cubic 

yard. 

Mill  and 

.  ^^ 
clean-up. 

Value 

per  cubic 

3rard- 

Mill  and 

•I  ^^« 
clean-up, 

percent 

of  total. 

7 
10 

176 
256 

842,014 
1,973,661 

1108,153 
215,444 

CerOt. 
12.84 
10.92 

112,879 
15,736 

CerUs. 
1.52 
.80 

11.90 
7.30 

The  recovery  percentage  from  Nos.  8  and  9  is  somewhat  lower  than  from  No.  10 
and  will  average  about  5^.  The  recovery  on  No.  4  is  so  low  that  I  am  considering 
removing  the  jigs  unless  there  is  a  change  for  the  better  in  the  near  future. 

CHABACTEB  OF  GOLD-SAVINa  TABIiES. 

Gold-saving  tables  are  made  either  in  single  or  double  banks. 
Single-bank  tables  are  used  on  dredges  up  to  7J  feet,  but  in  the 
larger  boats  the  riffle  area  obtainable  on  a  single  set  of  tables  has 
generally  been  found  insufficient,  and  to  meet  the  requirements  of 
the  increased  yardage  a  second  set  of  tables  was  arranged,  thus 
doubling  the  riffle  area.  The  double-deck  table  was  developed  in 
1908,  and  the  use  of  four  tail  sluices  of  different  lengths  made  it 
possible  to  distribute  the  gravel  over  a  greater  area  and  to  discard 
the  sand  pump  which  was  always  a  source  of  trouble. 

The  single-bank  tables  are  usually  made  of  wood  and  the  double- 
bank  tables  of  steel.  The  tables  are  supplied  with  some  form  of  the 
so-called  Hungarian  riffles,  either  of  wood  shod  with  an  iron  bar  on 
top,  or  of  angle  iron,  or  of  cast  bars  of  manganese  or  other  steel. 
The  angle-iron  shape  is  still  considered  by  many  as  the  most  effective, 
for  the  water  passing  over  the  riffles  forms  an  eddy  imder  the  project- 
ing leg  which  facilitates  catching  the  gold.  Amalgam  or  quicksilver 
riffles  are  set  in  each  sluice  and  the  quantity  of  quicksilver  used  has 
greatly  increased,  on  some  dredges  being  about  ten  times  the  amount 
formerly  used. 

CONSUMPTION   OF  QUICKSILVER. 

The  consumption  of  quicksilver  on  several  dredges  under  Oroville 
conditions  is  shoivn  by  the  accompanying  table  furnished  by  Mr. 
C.  G.  Leeson,  of  Oroville,  and  is  of  interest  in  being,  so  far  as  the 
author  knows,  the  first  table  giving  such  results  that  has  been  published. 

a  Qriffin,  F.  W.,  personal  communication. 
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The  quantity  of  quicksilver  placed  on  the  dredge  tables  varies  with 
the  size  of  the  dredge  and  with  the  ideas  of  the  operator — ^from  150 
pounds  or  less  on  the  smaller  dredges  up  to  3,000  pounds  on  the 
larger  dredges.  The  Yuba  Consolidated  Co.  has  gradually  increased 
the  quantity  of  quicksilver  placed  on  the  tables  and  found  a  corre- 
sponding improvement  in  the  percentage  of  recovery.  A  few  years 
ago  150  pounds  was  considered  sufficient  for  the  7-foot  dredges,  but 
now  these  dredges  with  a  table  area  of  2,800  square  feet  use  about 
1,000  pounds  for  the  sluices  and  traps. 

On  some  small  dredges  the  loss  of  quicksilver  has  amounted  to  as 
much  as  7  pounds  a  week  when  only  2  flasks  at  a  time  were  being 
used  on  the  tables.  This  would  be  about  5  per  cent  of  the  total 
amount  used.  On  the  Jenny  Land  dredge  the  loss  of  quicksilver  was 
greatly  reduced  when  the  clay  sluice  previously  described  (p.  120) 
was  put  in,  showing  how  the  clay  had  robbed  the  sluices. 

FACTORS  AFFECTING   EFFICIENCY   OF  TABLES. 

The  efficiency  of  the  gold-saving  tables  (PI.  LXI,  By  p.  136)  is 
affected  by  the  grade.  It  is  generally  found  that  a  grade  of  1 J  inches 
to  the  foot  is  the  most  efficient  slope  for  the  tables  and  sluices, 
though  the  nugget  sluice  of  the  Tonapah  No.  3  dredge  described 
elsewhere  is  run  on  a  steeper  grade,  and  At  Ruby,  Mont.,  a  grade  of 
1  inch  to  the  foot  is  used. 

Another  factor  affecting  the  efficiency  of  gold-saving  tables  is  the 
quantity  of  material  sent  to  the  tables.  If  the  grade  of  the  sluice  is 
too  flat,  or  the  volume  of  water  insufficient,  there  will  be  an  accumu- 
lation of  sand,  and  amalgamation  will  be  hindered.  If  the  tables 
are  crowded  beyond  their  capacity  there  will  be  a  loss  of  gold-saving 
efficiency. 

A  third  factor  affecting  gold-saving  tables  is  the  amount  of  water. 
Too  much  water  may  carry  off  some  of  the  fine  gold,  but  more  gold 
is  lost  from  insufficient  washing  than  as  gold  carried  in  suspen- 
sion. The  proper  amotmt  of  water  to  use  in  dredging  varies  with 
the  material  dug,  but  the  principle  to  follow  is  to  regulate  the  water 
so  as  to  bring  as  much  of  the  gold  as  possible  into  contact  with  the 
quicksilver. 

At  Ruby,  Mont.,  in  order  to  test  the  efficiency  of  the  tables,  addi* 
taonal  gold-saving  devices  consisting  of  undercurrents  were  placed 
on  Dredges  Nos.  3  and  4.  The  imdercurrents  on  the  No.  3  dredge,  a 
tail-sluice  dredge,  are  placed  on  the  tail-sluice  pontoon,  and  consist 
of  10  tables  connected  by  laamders  to  the  lower  end  of  the  tail  sltdce, 
where  the  fines  pass  through  a  grizzly.  On  the  Conrey  No.  4  dredge, 
the  undercurrents  are  placed  near  the  stem  immediately  under  the 
luaia  gold-saving  tables.  There  are  12  tail  sluices  to  the  tables  on 
this  dredge,  and  at  the  lower  end  of  each  tail  sluice  there  is  a  plate 
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perforated  with  holes  three-eighths  of  an  inch  in  diameter,  through 
which  the  fines  pass  onto  the  undercurrent  tables.  The  gold  savmg 
tables  and  sluices  of  this  dredge  are  shown  in  Plate  LIII,  B  (p.  98). 

During  36i  months'  operating  the  return  from  the  imdercurrent 
arrangement  on  the  No.  4  dredge  amounted  to  about  0.5  per  cent 
of  the  total  recovery,  indicating  the  efficiency  of  the  tables  and 
sluices  of  the  stacker  dredge  when  very  fine  or  rusty  gold  is  not 
present.  On  the  No.  3  sluice  dredge  the  undercurrent  tables  and 
imdercurrents  have  shown  recoveries  of  something  like  8,000  ounces 
of  amalgam  since  December,  1908,  indicating  that  there  is  greater 
danger  of  loss  of  fine  gold  on  dredges  of  the  sluice  type  than  on 
dredges  of  the  stacker  type. 

The  recoveries  made  by  the  save-alls  on  the  different  dredges  are 
indicative  of  possible  losses  from  spilling  from  the  buckets  caused 
by  stickiness  of  material  and  overfilling  and  noncleaning  of  buckets. 
The  different  gold-saving  devices  in  the  well  save-alls  are  somewhat 
similar;  but  on  some  dredges  it  is  easier  to  guard  against  a  spUl  than 
on  others.  On  the  Conrey  No.  4  dredge  it  is  possible  that  there  is 
less  spill  than  on  any  of  the  other  Conrey  dredges  and  conse- 
quently less  percentage  of  gold  caught.  The  recovery  from  the 
well  save-all  varies  from  2.76  per  cent  of  the  total  clean-up  on  the 
No.  4  dredge  to  5.01  per*  cent  on  the  No.  3.  The  undercurrent 
system  was  used  on  the  No.  4  dredge  mainly  with  the  idea  of  de- 
termining the  loss  of  gold  by  the  tables,  and  it  has  proven  a  com- 
prehensive check  on  this  work  besides  resulting  in  a  saving  of  over 
1,000  ounces  of  amalgam  to  July  1,  1915. 

The  nature  of  the  gold  recovered  from  the  Conrey  ground  is  dis- 
tinctly coarse,  but  not  many  nuggets  are  found.  Even  in  the 
No.  3  sluices  the  largest  nugget  so  far  recovered  was  worth  $17  and 
there  are  few  nuggets  foimd  that  are  worth  more  than  $5.  The 
fineness  of  the  gold  varies  from  0.836  to  0.873,  the  lower-grade  and 
coarser  gold  being  found  in  the  upper  part  of  the  gulch. 

At  Breckenridge,  Colo.,  the  screen  of  the  No.  3  dredge  of  the 
Tonapah  Placer  Co.  is  filled  with  plates  next  to  the  lower  section, 
having  2i-inch  holes.  The  fines  from  the  tail  of  the  screen  go  to  the 
''nuggef  sluices,  built  somewhat  steeper  than  the  main  tables. 
This  arrangement  results  in  the  recovery  of  considerable-  nugget 
gold  that  would  otherwise  be  lost. 

Undercurrents  were  put  on  the  No.  3  sluice  dredge  of  the  Tonopah 
Placer  Co.  at  Breckinridge,  and  resulted  in  large  savings  of  gold 
formerly  lost.  A  sketch  of  the  xmdercurrent  system,  furnished  by 
Mr.  E.  J.  Hopkins,  is  shown  in  figui'e  22. 

Undercurrents  have  not  been  extensively  tried  in  California  except 
on  dredges  of  the  sluice  type;  on  one  California  table  dredge  a 
blanket  was  tried  on  an  undercurrent  in  the  main  sluice,  but  the 
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recovery  made  was  not  of  much  importance.  The  placing  of  under- 
currents on  the  main  sluices  of  some  dredges  woxdd  unquestionably 
effect  a  saving  even  greater  than  that  made  by  the  undercurrent 
on  the  No.  4  dredge  at  Ruby,  and  the  practice  should  be  more  widely 
adopted. 
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TABLE   AREA. 


The  table  area  varies  on  different  makes  of  dredges  and  with  the 
ideas  of  different  operators,  although  it  is  governed  to  some  degree 
by  the  character  of  the  gold  in  the  ground  handled.  A  good  rule 
for  the  table  area  seems  to  be  to  make  it  as  large  as  possible,  as  a  safe- 
guard against  losses. 
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California  practice  on  the  large  dredges  handling  350  to  500  yards 
an  hour  is  to  have  a  table  area  of  6,000  to  8,000  square  feet.  Dredges 
handling  140  to  300  yards  an  hour  have  2,000  to  2,800  square  feet 
of  table  surface,  and  smaller  dredges  1,000  to  1,500  square  feet. 
These  figures  may  be  compared  with  those  resulting  from  the  practice 
at  Ruby  where,  as  saving  of  the  gold  is  easy,  less  than  half  of  this 
space  is  used.  The  Ruby  figures  are  as  follows:  The  No.  4  dredge, 
handling  an  average  of  420  yards  an  hour  since  it  started  oper- 
ation, has  2,955  square  feet.  Dredges  Nos.  1  and  2,  handling  aver- 
ages of  174  and  132  yards  per  hour,  have  1,200  square  feet  of  table 
area,  and  the  sluice  dredge,  which  has  handled  an  average  of  161 
yards  an  hour  since  commencing  operation,  is  equipped  with  approx- 
imately 1,000  square  feet.  On  the  18-foot  dredge  of  the  Boston  & 
Idaho  Co.,  which  handled  more  than  4,600,000  cubic  yards  during 
1914  and  more  than  600  yards  an  hour  at  times,  the  table  area  is 
approximately  4,000  square  feet  and  a  part  of  this  table  area  was 
cut  out  as  being  unnecessary,  most  of  the  gold  being  coarse  and 
easily  saved,  though  there  may  have  been  some  loss  of  fine  gold. 
The  dredge  of  the  future  will  no  doubt  be  equipped  with  jigs  to  take 
the  place  of  a  considerable  part  of  the  table  area,  and  experiments 
with  jigs  will  be  watched  with  interest. 

Water  is  suppUed  to  the  revolving  screen  by  a  high-pressure  pump 
through  nozzles  placed  at  either  end  or  both  ends  of  the  screen  (PL 
LX,  jB,  p.  124),  or  by  a  pipe  passing  through  the  center  of  the  screen 
which  is  equipped  with  adjustable  nozzles  (PI.  LIX,  B,  p.  124).  Addi- 
tional water  is  fed  the  tables  by  the  low-pressure  pumps-  The  grade 
of  the  screen  is  about  the  same  as  that  of  the  table.  It  is  vital  that 
plenty  of  water  under  sufficient  pressure  be  fed  to  the  screen  in  order 
to  insure  satisfactory  disintegration  and  washing  of  the  material, 
especially  if  clay  is  present.  A  high  loss  of  gold  is  due  to  inefficient 
washing  in  the  screen. 

LOSS  OF  GOLD  IN   SUSPENSION. 

Although  the  greatest  percentage  of  the  gold  recovered  in  dredging 
is  caught  on  the  upper  parts  of  the  first  throe  or  four  tables,  doubtless 
there  is  on  some  dredges  a  considerable  loss  of  gold  caused  either 
from  insufficient  washing  of  the  material  on  the  screen  or  too  small 
a  quantity  of  water  supplied  the  tables,  and  on  most  dredges  some 
quicksilver  will  be  found  at  the  lower  end  of  the  tail  sluices.  In 
addition  a  considerable  amount  of  gold  is  carried  in  suspension  in 
dredge  water.  Tests  to  determine  whether  there  was  any  loss  have 
been  made  on  several  fields  with  the  same  result.  Samples  were 
taken  of  the  water  while  the  dredge  was  in  operation  and  of  the  mud 
that  settled  in  the  dredge  pond.  The  latter  test  showed  that  the 
gold  was  lighter  than  the  mud  and  settled  more  slowly,  and  the 
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farther  the  sample  was  taken  from  the  stem  of  the  dredge  the  richer 
it  proved  to  be  after  the  water  had  been  evaporated. 

No  one  has  yet  worked  out  a  scheme  entirely  to  overcome  loss; 
some  very  fine  gold  is  caught  in  the  Neill  jig  and  the  Hardinge  mill 
arrangement  put  on  the  Natoma  No.  7  dredge;  the  concentrate  from 
the  jig  proves  on  examination  to  contain  not  only  rusty  flake  gold,  but 
also  very  fine  and  floury  bright  gold,  but  it  is  doubtful  whether  this 
fine  gold  was  previously  being  carried  in  suspension.  Much  of  the 
gold  that  is  carried  in  suspension  would  amalgamate  if  brought  into 
sufficient  contact  with  the  quicksilver,  but  on  account  of  its  finely 
divided  condition  it  is  carried  over  the  tables  in  suspension  with  the 
water  and  is  one  of  the  gold  losses  in  the  present  method  of  handling 
the  dredge  material.  This  loss  seems  largely  unavoidable.  The  con- 
centration necessary  for  the  saving  of  the  main  gold  content  causes 
a  loss  of  some  of  this  light  material  and  ii\  addition  to  the  loss  there 
is  some  gold  that  is  put  in  suspension  by  the  breaking  up  of  the 
ground  by  the  bucket  line  and  does  not  go  over  the  tables  at  all. 

CLEANING   OF  TABLES. 

The  gold  tables  are  cleaned  at  regular  intervals,  varying  somewhat 
with  the  character  and  the  gold  content  of  the  material.  On  the 
large  dredges  the  main  tables  are  cleaned  every  week  and  the  side 
sluices  every  other  week.  For  doing  this  work  the  large  dredging 
companies  employ  clean-up  crews,  the  dredge  crew  assisting  as  far 
as  necessary,  or  attending  to  overhauling  and  repairing  the  dredge. 

The  time  required  to  clean  the  table  and  sluices  varies  from  4  to  8 
hours  on  the  different  dredges.  The  method  of  cleaning  varies,  but 
the  principle  is  the  same.  Commencing  at  the  upper  end,  the  riffle 
frames  are  taken  up,  washed,  and  laid  to  one  side.  Water  from  a 
small  hose  under  pressure  is  used  to  assist  in  gathering  the  amalgam 
and  the  concentrates,  and  these  are  scraped  into  buckets  and  washed 
in  a  "Long  Tom"  or  small  sluice.  The  amalgam  and  quicksilver  is 
collected  and  strained  and  the  amalgam  retorted  and  melted. 

In  some  districts  shot,  lead,  nails,  coins,  etc.,  are  picked  up  by  the 
dredge  and  lodge  on  the  tables.  This  material,  all  of  which  collects 
some  amalgam,  forms  a  second  product  which  is  treated  whenever  a 
sufficient  amoimt  accumulates.  The  following  method  of  cleaning 
was  developed  at  Ruby,  Mont. : 

Above  the  last  stop  in  the  lower  end  of  the  table  is  fitted  a  con- 
verging iron  trough,  emptying  through  a  short  length  of  pipe  into 
the  clean-up  box.  The  riffles  are  taken  off  the  table,  water  is  turned 
on,  and  all  the  gravel,  gold,  mercury,  etc.,  is  washed  into  the  clean-up 
box,  which  is  2  feet  11  inches  long,  18  inches  wide,  and  15  inches 
high.  The  box  is  divided  into  four  compartments  by  an  iron  plate 
extending  from  the  top  of  the  box  to  within  about  3  inches  of  the 


I 


f 


148  GOLD  DREDGING  IN   THE   UNITED  STATES. 

bottom.  In  each  of  the  two  central  compartments  is  an  iron  plate 
3i  inches  high,  extending  from  the  bottom.  The  material  entering 
the  box  must  pass  alternately  under  and  over  the  partitions  to  get 
to  the  overflow  of  the  box.  The  box  is  placed  on  a  slope  of  IJ  inches 
in  12  inches,  and  mercury  is  placed  in  front  of  each  of  the  bottom 
plates  and  at  the  lower  side  of  box,  thus  forming  three  mercury 
traps  through  which  the  gold  and  sand  must  pass.  The  material 
overflows  from  the  box  into  a  small  tail  sluice  containing  matting 
and  expanded  metal  and  thence  down  the  tail  sluice  of  the  dredge. 
This  method  has  been  demonstrated  to  be  most  efficient.  Any  gold 
not  fully  amalgamated  can  be  worked  into  amalgam  by  slightly  stir- 
ring the  box  as  the  material  passes  through.  Two  men  clean  up  the 
Conrey  No.  4  dredge,  one  of  the  largest  in  the  world,  in  four  to  five 
hours,  saving  wages  and  time  as  well  as  making  a  more  perfect  clean- 
up than  by  the  former  method  employed. 

OOLD  SAVING  IK  YUBA  FIELD. 

The  following  notes  on  gold  saving  in  the  Yuba  gold  field  represent 
the  practice  followed  by  one  of  the  world's  leading  companies.  Over 
$20,000,000  has  been  taken  out  to  date.  Owing  to  excellent  natural 
conditions  gold  saving  in  this  field  is  rather  simple.  The  groimd  is 
clay,  gravel,  and  sand,  with  practically  no  loam  and  little  clay  except 
on  bedrock.  There  is  plenty  of  clean  water,  so  that  screening  and 
washing  are  easily  handled. 

The  dirt  goes  from  the  buckets  to  the  hopper,  the  buckets  being 
washed  with  a  heavy  stream  of  water  to  insure  clean  dumping. 
What  dirt  does  hang  to  the  buckets  falls  on  the  grizzly  above  the 
bucket  idler.  The  fines  go  through  and  are  washed  over  rifl9es  in 
the  save-all,  the  construction  of  which  is  similar  to  that  of  the  main 
gold  tables. 

Water  is  supplied  to  the  material  in  the  screen  tlu'ough  nozzles  in 
the  upper  end  and  in  the  lower  end  of  the  screen.  The  washing  is 
effective  and  the  gravel  that  goes  to  the  conveyer  belt  is  clean.  The 
imdersize  from  the  screen  pass  through  the  distributor  to  the  gold 
tables,  where  more  water  is  fed  from  other  pumps.  On  account  of 
the  high  proportion  of  sand  in  this  ground,  more  water  is  necessary 
than  under  usual  conditions,  a  most  important  consideration. 

On  the  large  dredges  the  gold  tables  are  in  two  banks,  10  sluices  in 
each,  on  both  sides  of  the  screen.  The  sluices  are  30  inches  wide 
and  are  set  with  a  fall  of  1 J  feet  to  12  feet.  The  total  table  area  is 
7,800  square  feet.  This  may  be  compared  with  the  table  area  of  the 
No.  4  dredge  at  Ruby,  2,900  square  feet,  as  showing  the  different 
requirements  in  handling  fine  and  coarse  gold. 

The  ordinary  Hungarian  rifilo  used  here  is  made  of  wood  with  an 
iron  bar  on  top;  and  some  experiments  are  being  made  with  manga- 
nese bars  for  this  purpose. 
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A  number  of  trap  or  quicksilver  riffles  are  set  in  each  sluice.  These 
are  made  much  Uke  the  ordinary  riffle,  except  that  the  bottom  is  solid 
and  the  spaces  between  are  divided  into  compartments  which  are 
filled  with  quicksilver.  These  riffles  have  been  foxmd  to  be  efficient 
The  quicksilver  is  apt  to  sink  down  in  the  soft  sand  in  the  other 
riffles  and  not  come  in  contact  with  the  dirt.  About  3,000  pounds 
of  quicksilver  is  used  on  the  tables  every  week  on  the  No.  14  dredge. 
The  7-foot  boats  with  a  table  area  of  2,800  square  feet  use  about 
1 ,000  pounds  a  week.  This  increased  use  of  quicksilver  has  been  one  of 
the  important  changes.  A  few  years  ago  150  pounds  was  considered 
ample  for  a  7-foot  boat. 

The  clean-up  is  made  every  week.  The  riffles  are  taken  up  and 
washed.  The  dirt  is  concentrated  at  the  stops  to  about  20  per  cent, 
of  its  original  volume,  much  light  sand  being  left  with  the  amalgam, 
quicksilver,  and  black  sand.  This  light  sand  often  carries  some  rusty 
gold.  The  concentrate  is  taken  up  and  washed  in  a  "long  Tom,''  and 
the  amalgam,  quicksilver,  and  most  of  the  platinum  are  taken  out. 
The  sand  is  screened  at  the  lower  end  through  an  8-mesh  screen  and 
the  fines  are  sacked  and  taken  in  to  the  mill. 

The  mill  is  an  amalgam  barrel  with  a  long  flat  sluice  beneath. 
The  sand  is  added  in  the  following  proportion :  One  thousand  poimds 
to  20  pounds  of  mercury,  i  pound  of  cyanide,  and  80  gallons  of  water. 
This  mixture  is  ground  two  hours  and  washed  out  in  the  sluice.  The 
cyanide  is  an  important  factor.  It  keeps  the  quicksilver  in  good 
shape  and  aids  in  amalgamation.  There  is  a  gain  of  about  10  poimds 
of  quicksilver  to  100  tons  of  sand  if  cyanide  is  used,  and  a  loss  of 
about  20  poimds  if  it  is  not  used.  It  almost  entirely  prevents  flour- 
ing of  the  quicksilver  and  brings  together  the  flour  gold  that  is  m  the 
sand. 

Tests  made  of  the  sand  from  the  mill  after  washing  have  showed 
practically  no  gold  or  platinum. 

The  retorting  and  melting  is  by  the  ordinary  process. 

On  most  dredges  the  main  gold  tables  are  inclosed  with  heavy  wire 
netting  to  prevent  pilfering  of  the  amalgam. 


WORKIirO  COSTS. 

The  working  costs  of  gold  dredges  are  always  of  interest,  although 
it  should  be  recognized  that  comparisons  that  are  at  all  representative 
are  difficult.  In  this  section  are  given  a  number  of  working  costs  for 
dredges  operating  in  different  fields,  with  notes  of  some  points  that 
should  be  taken  into  consideration  when  making  comparisons  between 
different  dredges.  The  experienced  engineer,  of  course,  will  not  fall 
into  the  error  often  made  by  the  inexperienced  or  casual  investigator 
of  trying  to  compare  and  reconcile  the  working  results  of  dredges 
operating  under  widely  different  physical  and  economic  conditions. 

BEQUIBEHENTS  IN  COST  ACCOUNTINa. 

In  making  comparisons  of  operating  costs  of  dredges  working  in 
different  fields,  it  is  well  to  keep  in  mind  several  important  facts. 
The  dredges  compared  should  be  operating  xmder  somewhat  similar 
conditions,  and  if  transportation  and  other  economic  facilities  are  not 
closely  similar,  allowances  should  be  made  for  any  vital  difference. 
Operating  costs  should  be  similarly  tabulated,  for  seeming  low 
operating  costs  often  result  from  a  particular  method  of  bookkeeping. 

Depreciation  charges  are  generally  arbitrary  assessments  based  on 
previous  experience,  and  occasionally  these  are  left  out  of  stated 
operating  costs.  In  the  matter  of  repairs,  bucket-line  renewals  are 
not  always  charged  to  working  costs  though  monthly  repairs  are 
included.  This  item  alone  might  amount  to  i  cent  to  IJ  cents  a 
cubic  yard. 

Figures  should  be  obtained  over  as  long  a  period  as  possible,  for 
dredges  operating  under  favorable  circumstances  and  for  short 
periods  have  shown  bare  working  costs  of  less  than  1^  cents  a  cubic 
yard,  or  approximately  1  cent  a  ton  of  material  handled.  Dredges 
operating  even  in  the  same  locality  may  over  different  periods 
encoimter  entirely  different  physical  conditions  in  the  groimd  to  bo 
dug,  as  shown  by  examples  given  (p.  107) .  The  age  of  the  dredge  may 
also  have  a  considerable  bearing  on  costs,  the  older  dredges  generally 
.  having  higher  repair  costs. 

Similar  methods  of  calculating  yardage  should  be  employed,  and 
in  this  connection  the  followiog  comparison  of  yardage  dug  by  the 
different  dredges  at  Ruby  durmg  1914,  as  determined  by  bank  mects- 
urement  and  by  the  theoretical  capacity  by  arranging  an  accurate 
automatic  tally  of  the  buckets  dumping  during  the  same  time,  is  cf 
interest;  it  illustrates  some  of  the  reasons  for  the  seemingly  low 
operating  cost  per  cubic  yard  occasionally  attributed  to  some  of  the 
dredges  built  and  operated  outside  this  coimtry. 
160 
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CompariiKm  of  yardage  dug  by  different  dredges  at  Ruby  in  1914- 


Dredge 
No. 

Slseof 
backets. 

Avenge 

depth 

dug. 

Actual 
yardage. 

Theoret- 
ical 
capacity. 

Buckets 
minute. 

Kilowatts 
per  yard. 

Yards 
perhoui. 

1 
2 
3 
4 

CtMefeet. 

7 

7 

9 

16 

Feet. 
26.6 
26.2 
34.6 
49.7 

Citbkifards^ 
1,100,906 
1, 140, 195 
1,068,164 
3,093,513 

Culrievarda. 
6,293,400 
5,925,300 
4,542,590 
7,525,224 

15.71 
14.79 
13.85 
20.24 

1.78 
1.42 
1.79 
1.23 

165 
171 
171 
499 

In  foreign  fields  the  yardage  handled  is  often  based  on  a  theoretical 
capacity  of  the  dredge  for  the  total  running  time,  after  some  allowance 
has  been  made  for  buckets  partly  filled.  How  little  this  percentage 
would  represent  actual  conditions  is  shown  by  the  foregoing  table, 
for  with  the  exception  of  the  No.  4  dredge,  which  handled  41  per  cent 
of  the  theoretical  capacity,  the  other  dredges  averaged  only  20  per 
cent  of  the  buckets  actually  dumping.  In  estimating  yardage  from 
bucket  capacity,  it  must  also  be  remembered  that  calculations  are 
generally  made  for  loose  gravel  instead  of  from  bank  measurement,  a 
difference  of  about  25  per  cent. 

Similar  figures  are  shown  by  the  following  tabulated  statement  of 
the  dredges  of  the  Natomas  Consolidated  for  the  year  1913,  the  actual 
capacity  being  44.5  per  cent  of  the  theoretical  for  the  time  in  commis- 
sion, and  55  per  cent  for  the  total  dredging  time.' 

Record  of  dredges  of  the  Natomas  Consolidated  of  California  for  the  year  19  IS. 

[Comparison  of  actual  with  theoretical  capacity.] 


DiedgeNo. 

Bucket 
size. 

Depth 
worlced. 

Actual 

total 

capacity. 

Working 

effi- 
ciency. 

Actual    as    com- 
pared  to  theo- 
retical capacity. 

Running 

expense 

per  cubic 

yard. 

Total 

expense 

per  cubic 

yard. 

Total 
time. 

Dredg- 
ing time. 

Natomns  1 

Cubkfeet. 

13 

8 

8 

13 

9 

9 

9 

15 

15 

15 

?i 

13 

Feet. 
22 
27 
28 
22 
53 
48 
55 
62 
64 
45 
26 
33 
27 

CuMe  yards. 
2,575,160 
2,141,869 
1,726,206 
2,279,016 
1,048,519 
1,339,077 
1,156,930 
1,807,235 
2,363,888 
2,470,085 
929,308 
1,483,404 
3,090,061 

Percent. 
78.6 
86.2 
84.9 
79.8 
80.3 
67.1 
80.5 
80.6 
84.0 
78.8 
83.4 
84.9 
82.2 

Percent. 
44.8 
59.0 
47.7 
39.6 
50.3 
38.4 
47.6 
33.0 
40.7 
42.5 
32.0 
51.1 
59.1 

Percent. 
67.0 
68.4 
56.1 
49.7 
62.7 
57.3 
59.1 
41.0 
48.4 
54.0 
38.4 
60.2 
72.0 

Oenjg. 
1.65 
1.80 
2.17 
1.46 
2.03 
2.34 
2.39 
2.87 
2.44 
2.21 
2.59 
1.48 
1.82 

Cents. 
4.09 

NBtoma82 

4.19 

Natomas  3 

4.74 

Natomas  4 

3.56 

Natomas5 

11.05 

Natomas  6 

8.70 

Natomas? 

4.65 

Natomas  8 

6.54 

Naioina89 

6.69 

Natomas  10 

Featherl 

5.15 
6.47 

Featber2 

4.15 

Feathers 

4.46 

24,410,778 

80.9 

44.5 

55.1 

2.04 

5.35 

The  following  statement  from  the  report  of  the  Tongkah  Harbour 
Tin  Dredging  Co.,  Siam,  for  the  year  ended  September,  1914,  clearly 
illustrates  the  contentions  of  the  writer  and  is  expressive  of  the 
results  obtained  when  different  methods  of  computing  yardage  are 
employed: 

The  working  costs  were  5.740d.  (11.48  cents)  per  yard,  as  against  3.186d.  (7.632 
cents)  last  year.    The  smaller  yardage  output  of  this  year  as  compared  to  that  of 
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previous  years  results  from  a  change  in  the  method  of  calculation.  Formerly  the 
yardage  was  estimated  as  the  product  of  the  number  of  hours  worked  multiplied  by  a 
yardage  factor.  Apparently  the  factor  remained  the  same  irrespective  of  the  nature 
of  the  ground  dredged.  Now  the  yardage  is  computed  from  measured  width  of  cut 
by  distance  pulled  ahead  and  depth  of  face  worked. 

Yardage  based  on: 

Theoretical  capacity  is  based  on  buckets  dumping  per  minute  as  follows:  Nos. 
1,  2,  3,  4,  7 — 22;  all  others,  20  per  minute. 
Efficiency  equals  total  dredging  time  divided  by  time  actually  in  commission 
during  the  year  (less  holidays). 

Kimning  expenses  consist  of  labor,  material,  power,  and  water,  and  total  exx>ense 
includes  repairs,  which  averaged  $2.49,  and  taxes,  insurance,  general  and  other 
charges,  which  averaged  $0.82  a  cubic  yard  for  all  dredges. 

When  yardage  costs  are  based  on  calculations  of  theoretical  ca- 
pacity, the  advantage  would  lie  with  the  operator  having  the  most 
vivid  imagination  regarding  dredge  capacity;  his  operating  costs 
per  cubic  yard  would  seemingly  be  reduced  to  a  most  desirable 
figure,  though  his  total  costs  would  not  be  afifected. 

The  capacity  of  a  dredge  and  the  working  costs  per  cubic  yard  do 
not  as  a  general  thing  concern  the  individual  operator  or  the  share- 
holder, and  it  makes  little  difference  to  either  how  the  figures  are 
obtained.  What  does  concern  both  is  that  the  recovery  exceeds 
the  operating  costs  and  leaves  a  profit.  Only  when  it  is  desired  to 
make  some  comparisoA  of  the  operating  cost  and  the  capacity  of 
different  dredges  do  the  cost  per  cubic  yard  and  the  method  of 
arriving  at  the  yardage  handled  become  of  importance. 

Hence  working  costs  can  not  be  fairly  used  in  such  comparisons  un- 
less uniform  and  proper  methods  of  determining  them  are  employed 
and  also  unless  operating  conditions  are  somewhat  similar.  It  is 
not  generally  recognized  that  ground  in  the  same  locality  often  varies 
so  much  that  dredges  similar  in  construction,  design,  and  bucket 
capacity  show  different  operating  costs  per  cubic  yard;  neither  is  it 
generally  recognized  that  figures  for  the  same  dredge  may  vary 
greatly  in  different  years.  A  case  in  point  is  that  of  the  Hunter 
dredge,  a  5-foot  close-connected  boat  of  the  Oro  Light  &  Power  CJo., 
atOroville.  This  dredge  during  operations  extending  over  three 
years  handled  an  average  of  about  200  cubic  yards  an  hour.  After- 
wards the  boat  was  moved  to  another  part  of  the  same  property, 
where  for  a  mmiber  of  months,  on  account  of  difficult  digging,  it 
handled  only  80  cubic  yards  an  hour.  Another  example  which  may 
be  quoted  to  illustrate  different  results  of  similar  dredges  is  the 
following  extract  from  an  old  report  of  OroviUe  Dredging  (Ltd.): 

The  5-foot  dredge  of  the  Oroville  Dredging  &  Exploration  Co.,  handling  a  loose 
gravel  which  requires  little  power  to  displace,  and  with  all  of  the  conditions  aa  nearly 
ideal  from  a  dredging  standpoint  as  could  be  wished,  averaged  for  seven  months 
2,737  yards  a  day.    Comparing  this  with  the  daily  average  of  1,723  yards  obtained  by 
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Dredge  No.  2  of  the  Boston  &  California,  a  dredge  having  the  same  digging  power 
and  (theoretical)  capacity,  we  have  a  striking  illustration  of  the  difference  to  be  ob- 
tained in  different  formations  in  the  same  district. 

The  amount  of  ground  handled  by  another  Oroville  dredge  with  6- 
foot  buckets  also  varied  in  different  parts  of  the  property.  In  some 
places  a  cemented  overburden  had  to  be  broken  with  explosives;  in 
others  much  heavy  clay,  difficult  to  dig,  was  encountered.  The 
operating  costs  and  yardage  handled  may  vary  considerably  over 
different  years,  as  shown  in  the  following  table: 

• 

Operating  cost  of  Oroville  dredge  with  6-foot  buckets. 


Year. 

Cubic 
yards. 

Total 

operating 

costs. 

Cost  per 

cubic  yard, 

cents. 

1910*.-.. 

3911 

1912 

1913 

1914 

649,639 

874,845 
710,267 
832,970 
819,721 

$36,764 
63,306 
60,150 
4K,322 
fiO,587 

5.66 
6.09 
7.06 
O.80 
7.03 

3,887,432 

239,129 

6.15 

a  10  months. 

In  this  connection  the  following  statement  is  of  interest  regarding 
the  different  costs  of  Conrey  No.  3  dredge:  From  April  to  July,  1912, 
and  from  August  to  November,  1913,  inclusive,  the  dredge  worked 
dovmstream  and  averaged  163.4  cubic  yards  a  working  hour,  with 
an  average  operating  cost  of  5.40  cents  a  cubic  yard.  During  the 
last  four  months  of  1912  and  several  months  of  1913  the  dredge  dug 
upstream  and  averaged  203.5  cubic  yards  an  hour,  at  a  cost  of  4.87 
cents,  there  being  an  increase  of  25  per  cent  in  yardage  and  a  decrease 
of  10  per  cent  in  cost  in  working  upstream  as  compared  with  working 
downstream. 

COSTS  FOB  SAME  DBEDGE  MAY  VABY  BY  YEABS. 

Cost  for  different  years  at  the  same  dredge  may  also  vary  greatly 
on  account  of  the  method  frequently  employed  of  charging  all 
renewals  and  repairs  to  the  year  in  which  they  are  made  even  though 
the  benefit  from  such  work  extends  over  several  years.  For  instance, 
Exploration  No.  3  dredge,  of  Oroville  Dredging  (Ltd.),  handled 
1,228,110  yards  during  1912,  at  a  cost  of  4.18  cents  a  yard.  Accord- 
ing to  the  annual  report  of  the  company  the  cost  of  operation  was 
reduced  1.54  cents  a  cubic  yard  below  that  of  the  previous  year; 
this  difference  was  due  to  the  fact  that  the  bucket  line  had  been 
overhauled  and  charged  for  in  1911,  and  required  little  attention 
during  1912. 

Another  example  of  this  practice  is  shown  in  the  annual  report  of 
Natomas  CJonsoUdated  for  1913.     The  cost  of  operation  of  Natoma 
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Nos.  5  and  6  for  1913  is  given  at  11.05  cents  and  8.70  cents  a  cubic 
yard.  This  is  due  to  the  fact  that  extraordinary  repair  and  recon- 
struction cost  of  8.18  cents  per  yard  for  No.  5  and  5.34  cents  per  yard 
for  No.  6  are  charged  against  the  operating  costs  of  the  dredges  for 
the  year;  No.  5  being  out  of  commission  4  months  and  No.  6  a  little 
over  2  months  while  imdergoing  general  overhauling  and  repair. 
A  preceding  table(p.  15 1)  shows  the  wide  difference  between  '*  running  '*' 
expense  and  total  cost  of  operation  for  all  dredges  of  this  company 
*  for  1913. 

HOW  OPEBATIKG  COSTS  MAY  IKBICATE  INEFFICIENCY. 

A  fact  that  must  be  kept  in  mind  is  that  low  operating  costs  per 
cubic  yard  may  possibly  mean  low  gold-saving  efficiency.  Although 
high  yardage  records  and  low  operating  cost  per  cubic  yard  are 
desirable  the  operator  should  strive  for  the  best  economic  results. 
In  ordinary  gravel  the  winch  man  can  easily  crowd  the  tables,  and 
the  desire  of  the  dredge  master  to  get  yardage  records,  as  was  often 
the  case  in  early  California  dredging,  may  result  in  considerable 
unwashed  gravel  going  to  the  tailing  pUes.  On  some  dredges  a 
careful  study  showed  that  it  was  advisable  to  reduce  the  speed  of 
the  buckets  in  order  not  to  crowd  the  gold-saving  tables,  and  the 
net  result  proved  the  economic  success,  at  these  dredges  at  least,  of 
more  thoroughly  washing  a  smaller  amount  of  gravel  instead  of 
crowding  the  screen  and  tables  with  all  that  the  dredge  could  dig. 
In  the  Oroville  field  a  large  amount  of  the  ground  dug  in  early  days 
was  not  thoroughly  washed  under  these  conditions  and  there  was 
consequently  a  considerable  loss  of  the  gold  content. 

The  buckets  in  use  in  California  range  in  capacity  from  3  to  15 
cubic  feet  and  some  of  the  dredges  being  built  in  1916  will  have 
17-foot  buckets.  Dredge  operators,  following  CaUfomia  practice, 
prefer  the  dose-connected  bucket  line  to  the  open-connected  type 
and  also  prefer  digging  spuds  to  headlines,  having  demonstrated 
to  their  entire  satisfaction  over  a  long  period  of  experimenting,  the 
superiority  of  these  methods.  In  practice,  the  close-connected 
bucket  line  dumps  at  the  rate  of  18  to  22  buckets  a  minute,  whereas 
the  open-connected  averages  12  to  14  buckets  a  minute.  On  some 
of  the  older  boats  when  the  change  was  made  from  open  to  close 
connected  buckets  it  was  claimed  that  the  yardage  was  nearly 
doubled  and  the  expense  per  cubic  yard  greatly  decreased. 

COST  FiaxniES  fob  certain  dbedoes. 

To  illustrate  the  advantage  spuds  have  over  headlines  the  following 
example  may  be  given:  Two  13-foot  Natomas  dredges,  in  ground  of 
apparently  the  same  character  within  200  yards  of  each  other,  one 
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working  on  spud,  the  other  on  headlines,  showed  a  difference  in 
capacity  of  100  yards  per  hour  in  favor  of  the  spud  method.  An 
instance  where  headhnes  proved  satisfactory  was  that  of  the  18-foot 
dredge  of  the  Boston  &  Idaho  Co.  On  account  of  extremely  easy 
digging  no  spuds  have  been  used,  though  the  dredge  was  designed 
with  spud  casings  should  operation  have  shown  the  advisability  of 
adding  spuds. 

As  has  been  stated,  the  working  costs  of  a  dredge  may  vary  greatly 
for  different  years  and  the  results  of  any  one  year's  operation  may  not 
be  either  higher  or  lower  than  the  general  average.  In  this  con- 
nection it  is  interesting  to  have  the  figures  of  operation  for  over  the 
entire  life  of  a  dredge  on  a  property. 

Pacific  No.  1,  a  T^-foot  dose-connected  dredge,  went  into  com- 
mission in  May,  1906,  and  worked  continuously  tmtil  the  hull  sprang 
a  leak  and  sank  December  3,  1911.  The  hull  was  repaired  and  the 
dredge  continued  at  work  until  July  14, 1913,  when  it  was  dismantled. 
The  machinery  was  then  moved  to  Manmioth  Bar  and  placed  on  a 
new  hull,  where  it  is  now  working.  During  the  seven  years  of  opera- 
tion at  Qroville  the  dredge  handled  a  total  of  9,500,000  cubic  yards, 
from  an  average  depth  of  34  feet.  Figures  of  cost  for  the  entire 
period  are  furnished  as  follows: 

Average  working  ooits  of  Pacific  No.  1  dredge, 

Ubor $0,011 

Power 007 

RepaiiB  and  supplies 016 

Taxes  and  insurance 002 

Miscellaneous 002 

Depredation  « 007 

Total 044 

Even  more  interesting  than  the  figures  above  are  the  figures  for  a 
3}-foot  dredge  working  under  average  OroviUe  conditions  for  7} 

years. 

Average  working  coaU  of  a  S\-foot  dredge. 

Dredging  time,  days 2, 248 

Cubic  yaids  dredged 3, 246, 836 

Cubic  yards  per  calendar  day 1, 132 

Cubic  yards,  per  operating  hour 60 

Libor  cost,  cents  per  cubic  yard 8. 0 

Power  cost,  cents  per  cubic  yard 1. 8 

Water  cost,  cents  'p&t  cubic  yard .1 

Repairs  and  supplies,  cents  per  cubic  yard 2. 3 

Oenenl  expenses,  cents  per  cubic  yard 1 

Total  cost  per  yaid 8.2 


•  Bepndtttion  was  fifund  at  ante  to  return  the  cost  of  the  dredge  with  an  estimated  life  of  10  yean. 
1452^— IS-Bull.  127 11 
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The  original  cost  of  the  boat  was  $52,014.75,  and  after  operations 
ended  the  machinery  was  sold  for  $6,000,  leaving  a  net  cost  for  the 
dredge  of  $46,014.76,  or  1.11  cents  a  cubic  yard,  making  the  complete 
and  total  cost  of  operations  exclusive  of  the  original  cost  of  property 
and  for  prospecting  approximately  9.3  cents  a  cubic  yard  of  material 
dug. 

Complete  figures  of  similar  scope  for  some  of  the  larger  dredges 
are  not  yet  obtainable,  as  the  dredges  have  not  yet  finished  work  on 
the  ground  for  which  they  were  built.  The  following  table,  showing 
total  costs  for  the  four  Conrey  dredges,  however,  are  of  interest  as 
showing  original  cost  of  dredges  and  all  charges  of  working: 

Total  C08t8  of  dredges  of  Conrey  Placer  Mining  Co. 


Item. 


Ledger  balance,  July  31, 1915. 
Depreciation  to  date 


Cost  of  dredges 

Charged  to  profit  and  loss: 

Raising  No.l 

RalaLogNo.2 

ReooDstniction  No.  2.. 

ReooDstruction  No.  3.. 


Total  cost  of  dredges,  including  all  changes  and  repairs 

not  charged  to  operating  costs 

Total  yardage  from  starting  to  July  31, 1915 

Total  operattng  costs  from  starting  to  July  31 ,  1915  a 

Total  in  cents  per  yard 

Upkeep  of  chain  from  starting  to  July  31, 1915 

Total  in  cents  per  yard 


Dredge  No. 


1. 


135,129.87 
69, 164.47 


104,293.84 
3,418.86 


107,712.69 

7.817,520 

8442,530.53 

5.66 

180,500.00 

1.03 


184,677.77 
68,837.96 


103,51&.73 


8,888.98 
20,778.50 


128.188.80 

5,515,756 

8382,730.41 

6.04 

882,100.00 

1.49 


8. 


866,60a00 
118,964.68 


186,564.68 


12,880.48 


198.445.16 
8.166.281 
18550,974.36 
6.75 
8123,000.00 
1.51 


SL46,000.2S 
150,aK.n 


296,206.04 


296,206.04 

9. 880. 333 

$479,115.94 

4.85 

8107,000.00 

1.06 


Total  yardage  from  starting  to  JulySl,  1915.  all  dredges 81,379,890 

Total  operaung  costs  from  starting  to  July  31, 1915,  all  dredges $1,866,860.33 

Total  in  cents,  per  yard 5.81 

Total  cost  of  upkeep  of  chain  from  starting  to  July  31, 1015 $382,600.00 

Total,  in  cents,  per  yard 1.25 

a  Including  upkeep  chain. 

NoTC—If  the  dredges  were  written  off  with  above  yardage,  the  total  cost  of  operatinf  would  be  Increased 
by  2.32  cents  a  yard,  but  as  the  dredges  have  oonsiderablo  life  remaining,  the  cost  of  plant  per  yard  will  be 
considerably  less  than  this  figure.  , 

The  chief  disadvantage  of  dredging  in  Montana  as  compared  with 
California  is  the  severity  of  the  winter,  the  thermometer  falling  as 
low  as  30°  to  40**  F.  below  zero.  The  company  continues  work 
throughout  the  year,  except  at  No.  3  dredge,  where  the  long  sluice 
would  make  heating  very  expensive.  Each  dredge  has  a  steam  plant 
which  is  used  to  heat  the  boat  and  to  furnish  steam  for  attacking 
the  ice  that  accumulates  on  ladders,  rollers,  sheaves,  etc.,  and  the 
frozen  material  that  gathers  in  the  hopper;  during  the  coldest 
weather  the  suction  of  the  dredge  pumps  will  freeze  if  the  dredge  is 
shut  down  for  short  periods.  Plate  LXII  shows  the  Conrey  No.  3 
dredge  in  winter. 


•  i 
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The  large  boat  of  the  Boston  &  Idaho  Dredging  Co.  b^an  work 
in  May,  1911,  and  to  December  31,  1915,  had  handled  17,417,894 
cubic  yards  at  a  cost  of  2.772  a  cubic  yard.  The  buckets  were 
changed  from  14  to  18  cubic  feet  in  the  latter  part  of  1913,  greatly 
increasing  the  yardage;  the  amount  of  groimd  handled  being  3,517,000 
cubic  yards  in  1913.  and  4,670,124  cubic  yards  in  l9l4. 

Working  costs  for  the  entire  period  of  operation  are  segregated  as 
shown  below.  Power  is  generated  at  the  company's  hydroelectric 
plant  and  is  charged  at  $4  a  horsepower  a  month.  Maintenance  and 
repairs  is  an  arbitraiy  figure  for  covering  suspense  accoxmt  and 
charging  oS  all  supplies  on  hand. 

Operating  oogts,  Boston  dc  Idaho  Dredging  Co,j  1914^ 

FwctiUo 
Total.  jfvd. 

Ctnia. 

Labor $69,731.86  0.400 

Power 113,317.15  .651 

Maintenance  and  repairs 211, 429. 48  1. 214 

Supplies 12,322.51  .071 

Superintendence  and  office,  stable 47,946.08  .275 

Sundries.... 6,184.33  .086 

Taxes  and  insurance  « 15, 276. 95  .  089 

Drilling,  total  chaige 6. 206.89  .036 

Total  cost 482,415.25    2.772 

The  depth  of  ground  ranges  from  14  to  36  feet.  Digging  is  gen- 
erally easy,  but  in  places  large  bowlders  and  buried  trees  are  encoun- 
tered; the  latter  are  either  cut  through  by  the  buckets  or  so  loosened 
as  to  float  to  surface.  The  original  cost  of  the  dredge  was  approxi- 
mately $225,000,  so  although  the  dredge  is  still  at  work  and  the 
total  yardage  to  be  handled  on  the  present  property  is  not  yet  deter- 
nuaed,  it  will  be  shown  that  the  cost  of  the  drec^e  per  cubic  yard 
dug  wQl  probably  not  exceed  1  cent. 

The  cost  of  electric  power  varies  greatly.  Some  companies  can 
obtain  favorable  rates  because  of  the  favorable  situation  of  their 
properties  or  the  feasibility  of  otherwise  arranging  their  own  proper 
plant.  '  Some  companies,  such  as  the  Boston  &  Idaho  Co.,  operate 
their  own  power  plant.  The  Boston  &  Idaho  Ck).  makes  a  book- 
keeping chaige  of  $4  a  horsepower-month  for  the  power  consumed 
on  its  dredge. 

For  the  large  companies  power  rates  range  from  f  cent  to  |  cent 
a  kilowatt-hour*  for  the  smaller  companies  in  different  fields  the 
power  rate  may  Ibe  1 J  cents  or  more. 

The  power  consumption  and  cost  of  power  per  cubic  yard  varies 
because  of  difference  in  first  cost  of  electricity,  and,  in  greater  pro- 

«  TUDBf  do  not  include  United  States  income  tax  or  State  '<net  profit"  tax. 
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portion,  because  of  the  conditions  encountered  in  digging.   The  follow- 
ing table  of  power  cost  per  cubic  yard  illustrates  these  variations: 

Power  cost/or  dredges,  1914* 


Dredge 


Boston  ii  Idaho 

American  Divlaion  No.  1,  Padflo. 

OroTille  DlvisianNo.  4 

KatomasNo.  4 

Katoma8No.O 

FeatberNo.1 

YubaNae 

YubaNo.l4 

ConnyNai 

ComeyNo.  8a 

llai7svllleNo.4 

TonopahNo.  1 

TonopahNo.  3a 


BuokBt 
capacity. 


Cv.ft. 
18 

15 

p 

16 
10 

? 

5 


Avenge 

depth 

dug. 


P€€l, 


30 


22 
64 
33 
48 
64 
60 
34 
63 


ffiS 


Yaidage 
handled. 


Cu.  ydt. 

4,670,124 

166,871 

1,853,604 

2,049,853 

2,846,824 

1,816,079 

1,927,804 

8,242,380 

3,108,983 

1,068,144 

2,11^664 

019,897 

743,  UO 


Power 

oostper 

CQlne 

yard. 


Oanif. 

aS8 
.75 
.71 
.50 

1.41 
.54 
.65 

i.(n 

.98 
L44 

.78 
1.2 
8.4 


a  Flume  dredge  with  a  higji  power  oonsumptlon. 

As  an  example  of  the  working  costs  of  a  small  dredge  in  an  isolated 
district,  the  following  figures  obtained  from  the  manager's  report  are 
given.  The  figures  should  be  of  especial  interest  to  the  smaJl  opera- 
tor or  to  persons  who  contemplate  financing  properties  in  the  far 
north. 

Coats  at  Berry  dredge^  Seward  Peninsula,  Alasba. 

Operating  timei  June  3  to  October  17;  8}  cubic  feet  buckets;  operating  days,  131; 
operating^  74.3  per  cent;  total  ground  handled,  213,356  cubic  yards;  average  depth, 
11.9  feet;  some  frozen  ground;  wood  used  afl  fuel  cost  |10  a  cord  on  the  bank. 


AXoaTizATzov  CHABOBs  nroiiinniro  gsssbal 

Items. 


TotaL 


Cost  per 
oafaioTard. 
CaU*. 


Dredge  labor,  including  traveling  expenses $12, 565. 

Bepairsand  supplies  used,  1915 3, 682. 

Wood  used,  1915 6,499. 

Oiganization  expense  apportioned  to  1915 87. 

Insurance  and  taxes 623. 

Bullion  express 822. 

Office  expense 721. 


46 
09 
76 
69 
25 
37 
56 


5.89 
L72 
2.57 
.04 
.28 
.38 
.34 


Total 24,002.18    IL  24 


ACTUAL  ZZFEHBE  FOR  DBEDGB  OFBHATZOV. 


Depredation  of  equipment,  taken  at  114,000  a  year 

Interest  on  investment  ($161,000),  19,660  a  year 

Preparation  of  ground  and  general  expense,  divided  among  600,000  cubic 
yards,  $24,091.99 « 


CenU. 
6.56 
452 

4.01 


Total. 


16.09 


Estimated  groes  expense  per  cubic  yard . 


26.33 


Mr.  Hamil  reports  that  the  cost  of  boarding  the  whole  force  of  men  was 
4,039  man-days  at  the  rate  of  $2.02  a  man-day $8, 158. 78 
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In  writing  this  report  and  preparing  the  tables  that  show  the  segre- 
gation of  working  costs  it  was  deemed  advisable  to  use  the  individual 
tables  of  the  different  companies,  because  the  different  methods  of 
apportioning  costs  render  difficult  the  making  of  umform  tables  for 
dredges  under  different  managements.  In  addition,  the  author  pre- 
sents a  table  prepared  for  a  paper  read  before  the  American  Institute 
of  Mining  Engineers  in  1912.^  The  costs  given  therein  are  practically 
the  same  as  would  prevail  imder  similar  conditions  to-day. 

A  paper  on  dredging  would  be  incomplete  without  inclusion  of  some 
reference  to  the  work  at  the  Panama  Canal.  According  to  W.  G. 
Combey,  in  a  paper  on  dredging  in  the  Panama  Canal  presented  at  a 
meeting  of  the  International  Engineers'  Congress  in  San  Francisco, 
September,  1915,  the  grand  total  of  material  removed  from  the  Pan- 
ama Canal  and  auxiliary  works  by  dredging  from  1905  to  December, 
1914,  was  115,700,000  cubic  yards.  The  total  cost,  which  includes 
work  of  ladder,  dipper,  and  suction  dredges  and  the  total  cost  of  oper- 
ation, maintenance,  material,  and  plant  and  all  administrative 
charges,  was  26.77  cents  a  cubic  yard. 

Operators  of  gold  dredges  have  been  interested  in  the  performance 
of  a  large  bucket-ladder  dredge  that  had  two  lines  of  buckets.  In 
one  line  the  buckets  had  a  capacity  of  1  cubic  yard,  in  the  other  2 
cubic  yards.  These  bucket  lines  were  interchangeable,  one  being 
used  for  heavy  digging  and  the  other  where  the  work  was  lighter. 
The  total  material  handled  by  this  dredge  from  April,  1912,  to  Jan- 
uary, 1915,  is  given  at  335,000  cubic  yards,  and  the  average  cost  as 
36.59  cents  a  yard. 

The  material  from  bucket,  dipper  and  sea-going  suction  dredges 
was  delivered  to  barges  and  hauled  4  to  10  miles  to  permanent  dtmip. 
The  intermittent  nature  of  the  work  and  the  long  haul  accounts  in 
a  measure  for  the  seemingly  high  operating  cost.  The  table  following 
prepared  from  Mr.  Combey's  report  is  given  for  such  interest  as  it 
may  have.  Comparisons  between  the  work  of  these  dredges  and 
those  operating  in  different  placer  fields  is  of  course  futile. 

0  Janln,  Cbarles,  Prawnt-day  probleiiis  In  Califomia  gold  dredging:  Troas.  Am.  Inst.  Min.  Eng.,  vol., 
42, 1912,  p.  873. 
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Operaixng  costa  of  Panama  dredge$. 


Kind  of  dredge. 


OapMlty 

of 
Isookete. 


Depth 
dug. 


Big. 
ume. 


Cublo 
yards 


Cost 

per 

oublc 

yBrd.« 


Remarks. 


Sea^going  ladder. 
Dipper 

Do 

Do 

Do 

Plpe-Une  suction 
jyo 


BQOtkm  dre<ige  delivering 
to  barges. 

Total  quantity  all  mate- 
rial remoyed  by  dredg- 
ing, 1006  to  January, 


Cu.ydi, 
3 

5 

5 

15 

15 

Tn.iue. 
90 

ao 


FetL 
45 

5 

45 

36.47 

36.47 


42 
42 


Maniht. 
84 

12 

12 

10 

8 


10 
12 


46 


12 


3,351,633 
743,830 
420,162 

1,228,717 
030,608 


602,016 
1,204,620 


3,000,022 
116,722,733 


Cenia. 
36.61 

20.4 

34.3 

642.4 

e42.0 


2S.0 
21.2 


lao 

26.7 


l£aterial:  Hard  day  and  rock; 

haul  3  to  4  miles. 
Mud,  stiff  clay,  and  rock;  hanl 

8to4milM. 
Ifud,  day,  coral  rode,  and 

rook;  haul  6  to  6  mUes. 
Hard  and  soft  rock;  haul  9  to 

lOmiks. 
Da 


ICud,  day,  mrel,  and  fafxiken 
rocks,  8,000  feet;  da^  and 
broken  rode;  pipe  line  7,000 
feet  long,  using  one  relay. 

Ifud,  saxM,  ana  clay;  haul  4 
to  5  miles. 


A  Costs  are  for  materialplaced  on  dump  and  include  all  operations,  maintenance,  material,  plant,  and 
administratiye  charges.  Cost  of  plant  on  arbitrary  figure  assessed  per  cubic  yard.  Cost  of  dillBrent  dredges 
approximated  is  as  follows:  2-yard  ladder,  8400,000;  6-yaM  dipper,  106,000;  2(Mnch  sea-gning  mictinti. 
8^,000;  20-inchplpe suction, 8100,000 to 8160,000. 

6  A  credit  of  8S.08O  for  unused  material  has  been  allowed. 

«  A  credit  of  810,048  for  unused  material  has  been  allowed. 

Data  on  operating  costs  of  dredges  of  the  Yuba  Consolidated 
Goldfields  are  shown  in  the  table  following. 
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GOLD  DBfiDOIlTG  IN  THB  UNITED  STATES. 


LABOB  COSTS. 

The  greater  efficiency  and  larger  capacity  of  the  modem ,  as 
compared  with  the  earlier,  dredges  have  steadily  decreased  labor 
costs  per  cubic  yard  in  spite  of  shorter  working  hours  and  higher 
wages  for  the  men.  On  some  of  the  early  dredges  the  labor  alone  cost 
as  much  per  cubic  yard  as  the  total  operating  charges  at  preseat. 

Wage  scales  vary  somewhat  in  different  localities,  but  are  approxi- 
mately  the  same  in  different  areas  in  the  same  State.  The  follow- 
ing table  gives  the  approximate  scale  of  wages  in  California,  Montana, 
and  Alaska.  In  the  latter  country  board  is  generally  included,  or 
an  additional  allowance  is  made  for  it. 

Approximate  scale  of  wages  at  dredges  fl 


niedse  masters. 

Wlnotunen 

OUen 

Shoremen 

Helpers 


Califomia. 


$150  a  month 

$4aday 

13  to  13.50  a  day.. 

$2.60  a  day 

t2.50aday 


Montana. 


96  a  day.... 
$5  a  day.... 
13.50  a  day. 
S3.60aday. 
t2.50  a  day . 


AJaska. 


taoOamonth. 

50  to  60  cents  an 
hour. 


a  Since  this  was  compiled  wages  have  advanced  In  some  localities. 

An  indication  of  the  number  of  men  employed  in  dredging  is  tho 
total  force  required  by  the  G)nrey  G).  in  different  departments  for 
the  normal  working  of  its  dredges  and  for  company  business.  The 
force  is  distributed  as  follows: 

Men  employed  in  dredging  by  Conrey  Co, 

Dredge  crew  No.  1  dredge S 

Dredge  crew  No.  2  dredge 8 

Dredge  crew  No.  3  dredge 10 

Dredge  crew  No.  4  dredge 10 

Office  and  dwellings 4 

Transformer  station  and  pole  line 2 

Machine  shop 8 

Olean-upcrew 3 

Laborers 22 

Miscellaneous 10 


Total. 


85 


In  California  the  Natomas  Consolidated  employs  a  total  of  about 
1,500  men  in  all  branches  of  its  operatioxis. 
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ACGOtTNTINa  METHODS  OF  NATOMA8  OONSOUDATED. 

To  illustrate  the  bookkeeping  methods  employed,  the  following  list 
of  accomit  nmnbers  used  by  the  Natomas  ConsoUdated  and  the  dis- 
tribution of  repair  charges  for  two  of  the  dredges  for  the  month  of 

August,  1914,  are  presented* 

Januabt  1, 1915. 

Gold-dredgiTig  depoftiMnt, 

VATOXA  DXVZSXOV. 

LIST  OP   ACCOUNT  NX7MBEBS. 

Operatino  "Natoma  No.  1"  Dbedob: 
Running  expense — 


11 

Labor. 

12 

Material. 

13 

Power. 

14 

Water. 

Repairs — 
15 

Labor. 

16 

Material. 

General  expense— 

17a       Kestraining  d^bria 
b        Levee. 

c 
d 

Fire  protection. 
Accident  innurance. 

e        Diviflion  expense  (includiTig  pro  rata  of  company,  Sacramento,  audit 
ing  and  purchasing  expenaea. 
General  items — 

18a 

Taxes. 

b 

Insurance. 

c 

Depredatian. 

I    i 

t        i 


:  I 


I' 


l^    I 


164  GOLD  DKBDOING  IK  THE  UNITED  STATES. 

N<Uoma$  Coruolidated  of  Caltfomia. 

DBXDQM  OPSBATUra  G08T8. 

Distribution  of  Labor  and  Material  for  Repairs,  August,  1914. 

NATOMA  DIVISION. 

Dredge  No.  J: 

Labor $574.00 

Supplier— 

Miscellaneous  lumber $28.90 

3  return  idlers 30. 72 

2  wrecking  sheaves  and  shackles 51. 12 

1  G.  E.  50  h.  p.  motor  No.  88209 60. 00 

12  forged  U.  T.  heel  plates 48. 00 

13  perforated  shaker  plates 278.  82 

4  motor  bearings 41. 50 

1 10-inch  0.  T.  pimip  head,  suction  side 49. 40 

750  feet  1-inch  Leschen  wire  rope 236. 63 

Sundries 144. 73 

Hauling ' 93.60 

$1,063,42 

Natoma  shop — 

Repairs  to  main  hopper 33. 80 

Repairs,  general 21. 62 

55.52 

1,118.84 

Total 1,692.84 

Dredge  No,  t: 

Labor $239. 09 

Supplies — 

100  bucket  bushings 247. 86 

24  bucket  pins 524. 16 

2  ladder  rollers 112. 04 

750  feet  of  J-i^^ch^  ^A®  Roebling  wire  rope 94. 58 

90,  30,  40i,  32,  and  43i  riffles 100. 30 

24  rib  bars,  job  569 95. 76 

Sundries 136.27 

Hauling 145. 71 

1,456.68 

Natoma  shop,  repairs,  general 11. 21 

1, 467.  ^ 

Total 1,706.98 


s  i 


WOBKING  COSTS.  165 

laSOELULKBOTTS  COST  TABLES  AND  FOBK8. 

The  tables  and  forms  following  need  no  special  comment,  as  they 
are  self-explanatory.  The  figures  presented  should  prove  of  consid* 
erable  value.  Moreover  the  forms  used  for  recording  them  are  of 
interest. 
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GOLD  DREDGING  IN   THE  UNITED  STATES. 


Operating  costs  of  dredges  of 


OROVILLE  DIVISION,  DREDGE  NO.  1. 


Item 
No. 


Period  ooTwecL 


1  Total  or  ftverace, 
7  months,  1906. 

2  Total  or  average, 
1907. 

8    Total  or  average, 

1906. 
4    Total  or  average, 

1900. 
6    Total  or  average, 

1010. 

6  Total  or  average, 
1911. 

7  Total  or  average, 
1912. 

8  J  Total  on;  average, 
6  months,  1913. 


Hours 
run. 


0481 


3,773 
6,889 
6,774 

7, 
7,064 

6,616 
6,687 
3,722 


Cublo 

yards 

worked. 


602,803 
1,109,226 
1,866,892 
,216,214 
1,488,608 
1,496,381 
1,498,504 

730,746 


Yards 
hour. 


160 
161 
202 
172 
211 
226 
224 
196 


Total  costs. 


Labor. 


17,742.75 
13,408.16 
14,040.08 
14,500.22 
14,403.01 
15,57L86 
14,914.08 
6,636.40 


Power. 


16,227.64 
11,148.10 

8,960.70 

8,548.69 

9,124. 

8,419.87 

9,640. 

5,092.20 


Repairs 

and 
soppUes. 


9723 


8027, 


17,666.91 
18,245.08 
21,949.06 
18,857.05 

,60L87 
19,227.34 

,690.28 
3,202.18 


Taxes 
and  in- 
suranoe. 


$1,489.67 
2,553.72 
^712.79 
2,113.63 
1,460.40 
2,020.80 
2,920.80 
1,460.40 


Miscel- 
laneous 
expenses. 


uenr^- 
fiiatiffn 


$1,230.10 
4,974.31 
2,60LM 
2,878.04 
2,928.68 
2,088.48 
4,005.36 
1,8011.90 


De 


$5,290 
9,000 
9,000 
9,000 
9,000 
9,000 
9,000 
4,500 


OROVILLE  DIVISION,  DREDGE  NO.  2. 


9    Total  or  average, 
7  months,  1906.i 

10  Total  or  average, 

1907.« 

11  Total  or  average, 

1908. 

12  Total  OP  average, 

1909. 

13  Total  or  average, 

1910. 

14  Total  or  average, 

1911. 


3,699 

217,274 

6,148 

460,263 

6,808 

700,506 

5,487 

600,442 

7,116 

683,198 

6,792 

757,091 

50  $6, 543. 19 
76|l0,226.90 
10,889.62 
11,781.75 
11,237.88 


104 

111 

90 


11110,791.12 


12  $7, 


2713 


$3,406. 
4,837. 
4,5U.10 
3,860.80 
5,417.45 
4,636.80 


,186.94 

,638.32 

15,834.90 

5,434.14 

7,800.57 

13,961.53 


$350.00 

600.00 

1,560.07 

1,162.72 

835.x 

1,531.20 


$1,477.05 
4,042.20 
2,626.40 
2,0SL«2 
2,064.44 
2,866.05 


OROVILLE  DnriSION,  DREDGE  NO.  8. 


15  Total  or  average, 

7  months,  lOOiS. 

16  Total  or  average, 

1907. 

17  Total  or  avenge, 

1908. 

18  Total  or  averagB, 

1909. 

19  Total  or  average, 

1910. 

20  Total  or  averagej 

1911. 

21  Total  or  average, 

1912. 


4,265 
7,002 
7,458 
6,964 
7,162 
7,265 
5,727 


506,264 
884,208 
069,966 
608,429 
016,104 
712,142 
688,733 


181 
126 
188 
115 
128 
96U 


120 


51  $4, 


$6,504. 
11,868.68 
11,018.23 
12,032.89 
11,992.40 
,135.82 
8,853.23 


t,902.48$6»]86.54 
7,627.20 


6,914.60 
5,700.75 
6,484.45 
7,388.60 
5,665.61 


13,965.27 
15,212.28 
13,481.67 
12,800.06 
10,879.58 
8,354.80 


$551.26 

045.00 

2,578.72 


$1,374.72 
5,868.78 
2,722.06 


1,510.02  2,864.40 

1,044.00  2,906.30 

2,086.00  2,948.88 

1,566.00  2,57tt.01 


^  Operating  on  tract  M,  80  per  oent  royalty. 

s  Operating  4  months  on  tract  M,  80  per  oent  royalty. 


$2,331 
3,996 
3,996 
3,996 
3,996 
3,663 


$3,500 
6^000 
6^000 
6^000 

6,000 
6,000 
4,500 
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Pacific  Gold  Dredging  Co. 


OROVILLE  DIVISION,  DREDOE  NO.  1. 


Total  ooBtfr-Oontd. 

Costs  per  yard,  cents. 

Aom 
worked. 

and^wtt- 
rncDt. 

Total. 

Labor. 

Power. 

Repairs 
and 
sup- 
plies. 

Taxes 
and 
In- 

Mlaoel- 
laneous 

ex- 
penses. 

Depre- 
dation. 

Express 

and 

txeat- 

ment. 

Total. 

Item 
No  . 

t206u62 

829,703.60 

1.284 

1.03:^ 

1.256 

a  347 

a202 

0.870 

0.034 

4.027 

11.26 

1 

319.41 

5B,64&67 

1.208 

1.006 

1.645 

.230 

.440 

.811 

.020 

5.378 

10.06 

2 

43&oe 

60,813.68 

1.028 

.657 

1.607        .272 

.107 

.660 

.032 

4.462 

23.47 

352.31 

£6,341.74 

1.201 

.703 

1.552        .174 
1.802'        .008 

.287 

.740 

.020 

4.636 

21.82 

376.68 

60,885.11 

.967 

.618 

.107 

.606 

.026 

4.007 

28.00 

314.57 

58,303L37 

1.041 

.563 

1.286 

.106 

.107 

.602 

.021 

3.005 

8166 

280.48 

60,360. 6j^ 

a905 

.644 

1.848 

.196 

.328 

.600 

.010 

4.630 

27.10 

13&18 

22,023.36 

.008 

.607 

.438 

.200 

.250 

.616 

.010 

3.137 

11.61 

8 

• 

C 

►ROVIL 

LE  DIV 

I8I0N, 

DREDC 

>E  NO. 

3. 

$101.  22 
184.  M 
305.66 
140L38 
182.98 
164.78 


821,306.42 

3.011 

1.567 

3.308 

38,413.74 

2.17B 

1.020 

2.006 

30,633.83 

1.528 

.636 

2.232 

20,265w41 

1.025 

.633 

.802 

32,534.52 

1.645 

.793 

1.155 

37,606.48 

1.425 

.611 

1.844 

0.161 
.128 
.218 
.191 
.122 
.202 


O.680 
1.063 
.370 
.481 
.434 
.370 


1.073 
.852 
.563 
.656 
.585 

■  4o4 


0.046 
.030 
.043 
.034 
.027 
.022 


0 
10 
11 
13 
13 
14 


OROVILLE  DIVISION,  DREDGE  NO.  3. 


8166.90^    833,228.40 


333.12 
289.44 
236ul0 
285.47 
18&9i 
141.31 


45,408.00 
44, 74a  55 
41,853.51 
40,073.71 
41,571.47 
31,867.87 


1.308 
1.285 
L112 
L408 
L300 
1.704 
1.285 


0.068 
.863 
.008 
.711 
.702 

L080 
.853 


1.213 
L579 
1.540 
1.678 
L343 
L528 
1.213 


0.100 
.107 
.260 
.188 
.114 
.293 
.227 


0.272 
.606 
.275 
.358 
.318 
.414 
.374 


0.601 
.679 
.606 
.747 
.655 
.843 
.663 


a033 
.026 
.037 
.030 
.081 
.026 
.021 


4.580 
&145 
4.518 
5.300 
4.472 
5.838 
4.625 


0.81 
18.52 
18.13 
15.36 
16.73 
12.36 
11.73 


15 
16 
17 
18 
10 
20 
21 
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GOLD  DREDGING  IN   THE   UNITED  STATES. 


Operating  costs  of  dredges  of  Pacific 
OROVTLLE  DIVISION,  DREDGE  NO.  4. 


Item 
No. 


22 
23 
24 
26 
36 
37 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
30 
40 
41 

42 


Period  oovBied. 


Total  <3T  average, 

7  montlis,  lOM. 
Total  or  avence, 

1907. 
Total  or  average, 

1908. 
Total  or  average, 

1909. 
Total  or  average, 

1910. 
Total  or  average, 

1911. 
Total  or  average, 

1912. 
Total  or  average, 

1913. 

1914. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total  or  average. 


Hours 
run. 


6,321 
7,091 
7,410 
7,372 
6,999 
7,501 


611 
518 
666 
647 
549 
461 
635 
652 
635 
655 
500 
660 


7,189 


Cubic 

yards 

worked. 


1,491,910 
1,371,263 
1,383,332 
1,383,705 
1,556,570 
1,444,533 


09,104 
104,866 
128,574 
116,883 
120,218 

05,990 
113,952 
111,176 
117,756 
125,902 

99,582 
119,592 


1,353,594 


Yaids 
hour. 


236 
193 
187 
188 
222 
192 

162 
202 
193 
181 
219 
208 
180 
170 
185 
192 
199 
181 


188 


Total  costs. 


Labor. 


1,480.55 
1,100.00 
1,304.55 
1,118.55 
1,249.07 
1,433.32 
1,111.09 
966.30 
1,219.20 
1,111.58 
1,277.40 
1,157.35 


14,528.96 


Power. 


870.67 
682.40 
882.20 
864.00 
720.00 
587.20 
802.20 
858.00 
834.40 
804.40 
682.80 
898.20 


9,576.47 


Repairs 

and 
supplies. 


813,040.96 19, 704. 07  |14,447.ai|l3, 499. 88 
14, 410. 53  9, 120. 75 18, 918.  Ooj  2, 113. 63 
14,140.00  0,733.3821,350.21  1,460.40 
14, 627. 24  10, 225. 88 12, 613. 20j  2,020.80 
14,051. 4o|l0,008.04 10,900.621  2,920.80 
18, 619. 77 10, 806. 20 19, 501. 08  4, 140. 88 


1,669.28 
1,220.00 
1,052.66 
1,827.00 

883.51 
1,436.01 

222.88 
1,148.04 

174.34 

840.00 
1,362.40 
1,815.40 


14,063.24 


Taxes 
and  in- 
surance. 


807.45 
836.16 
336.16 
336.16 
334.  U 
333.25 
264.63 
102.13 
323.88 
257.74 
257.74 
200.84 


3,438.76 


Miscel- 
laneous 
expenses. 


83,582.60 
2,884.07 
2,038.81 
3,020.38 
4,125.40 
5,487.05 


407.91 
360.58 
35L79 
366.10 
863.06 
374.08 
886.48 
275.01 
275.87 
286.84 
421.37 
287.70 


4, 147. 12 


Depr^ 
ciauon. 


10,163 
0,996 
0,996 
0,996 
9,996 
0,996 


833 
833 
833 
833 
633 
833 
833 
833 
833 
833 
833 
833 


9,996 


AMERICAN  DIVISION,  DREDGE  NO.  1. 


43    Total  or  average, 
3  months,  1913. 


44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

56 


1914. 

January 

February 

March 

April 

May 

June 

July 

August 

September.., 
October..... 
November.. 
December.., 


Total  or  average. 


1,801 


518 
463 
652 
667 
668 
661 
678 
660 
600 
620 
633 
644 


7,464 


374,992 


119,368 
87,783 
122,970 
150,521 
156,663 
171,510 
133,614 
123,457 
121,316 
152,103 
153,400 
166,012 


1,668,717 


208 


84,282.24 


230 
190 
190 
226 
234 
259 
197 


202 
345 
242 

258 


222 


1,364.07 
1,082.50 
1,206.93 
1,160.04 
1, 106. 72 
1,178.70 
1,336.06 
187]  1,170.83 
—  1,008.55 
1,202.03 
1,136.28 
1,210.05 


14,361.74 


82,882.00 


84,530.53 


884.00 

024.00 

044.00 

1,204.00 

1,104.00 

1,092.00 

1,068.00 

1,104.80 

057.40 

1,165.60 

1,046.40 

062.00 


12,536.20 


1,444.00 
2,256.55 
3,010.88 
1,056.86 
1,009.42 
1,916.28 
3,718.07 
1,481.91 

365.51 
3,264.09 
1,449.12 

473.06 


22,830.83 


1180.81 


157.49 
129.17 
129.17 
129.17 
133.32 
133.32 
218.74 
156.23 
289.57 
221.84 
221.84 
151.06 


2,070.91 


82,047.21     83,000| 


663.91 
639.74 
627.30 
662.30 
804.23 
617.67 
605.17 
406.47 
527.47 
636.73 
736.84! 
520.65 


7,208.65; 


BUTTE  CREEK  DIVISION,  DREDGE  NO.  3. 


57 

1014. 

58 

February 

50 

March 

60 

April 

_  .    . 

61 

May 

62 

Juf^e . . 

■■««■• 

63 

July 

1 

64 

Augu^' . 

f 

66 

September 

66 

O^bcT 

525 
545 
570 

45,156 
60,114 
71,611 

86 
127 
125 

1023.70 

035.85 

1,060.61 

8423.36 
580.23 
538.65 

8218.20 
843.02 
827.73 

8110.00 
110.00 
110.00 

8860.80 
468.01 
899.68 

"l 

67 
68 

November 

December 

Total  or  average.. 

60 

1,640 

185,881 

113 

2,020.16 

1,542.24 

1,388.05 

330.00 

1,218.58 

1.H 

WORKING  COSTS. 
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Gold  Dredging  Co. — Continued. 

OROVILLE  DIVISION,  DREDGE  NO. 4. 


Total  oast»-Ooxitd. 

Costs  per  yvd,  cents. 

Acres 
worked. 

Ezpnai 

asdtnat^ 

meat. 

TotaL 

Labor. 

Power. 

Repairs 
and 
sop- 

Taxes 
and 
In- 

Miscel- 
laneous 
ex- 

Depr»> 
elation. 

Express 

and 

treat- 

Total. 

Itmn 
No. 

plies. 

soianoe. 

penses. 

ment. 

» 

I33SL63 

$53,770164 

0.874 

aoso 

a968 

0.235 

a240 

a  614 

a032 

3.003 

31.86 

98 

94 

397.20 

57, 74a  87 

LQSl 

.665 

1.879 

.164 

.211 

.729 

.082 

4.211 

27.67 

96 

a6L5a 

50,900141 

L023 

.708 

L643 

.106 

.212 

.738 

.036 

4.334 

25.00 

36 

322.63 

53,0a&13 

1.0S7 

.789 

.912 

.lai 

.211 

.722 

.083 

3.876 

27.06 

27 

30ai7 

61,302.43 

.908 

.640 

1.27B 

.188 

.265 

.643 

.019 

8.944 

3a  78 

28 

347.71 

63,859.59 

.036 

.763 

L850 

.287 

.380 

.602 

.084 

4.421 

23.20 

29 

25.50 

6,594.46 

1.494 

.879 

1.684 

.310 

.412 

.840 

.036 

6.645 

1.45 

30 

25.81 

4,556.95 

1.049 

.661 

1.172 

.311 

.344 

.794 

.024 

4.345 

1.76 

31 

60L62 

6,7ia97 

1.016 

.686 

1.5181 

.253 

.274 

.648 

.04^ 

4.442 

2.19 

32 

3&67 

4,87L56 

.957 

.739 

L136 

.279 

.313 

.713 

.031 

4.168 

1.61 

83 

1&40 

4,389.14 

1.039 

.599 

.736 

.278 

.293 

.693 

.014 

3.661 

1.56 

34 

2L0Q 

5,03&66 

1.498 

.612 

1.407 

.346 

.391 

.868 

.033 

5.239 

1.20 

35 

24.67 

3,634.76 

.975 

.704 

.195 

.223 

.340 

.731 

.022 

3.190 

1.66 

86 

83.42 

4,306.80 

.860 

.772 

1.084 

.173 

.247 

.749 

.030 

3.874 

1.73 

37 

19.58 

3,679.17 

L085 

.709 

.148 

.276 

.234 

.707 

.016 

3.124 

1.67 

38 

2161 

4,216.07 

.883 

.710 

.667 

.205 

.228 

.663 

.018 

3.373 

1.70 

89 

17.39 

4,852.10 

1.283 

.686 

1.368 

.258 

.423 

.837 

.017 

4.872 

1.19 

40 

00.07 

6,261.66 

.968 

.751 

1.518 

.168 

.240 

.696 

.058 

4.399 

1.74 

41 

381.72 

56,132L27 

1.073 

.708 

1.039 

.254 

.306 

.738 

.089 

4.147 

19.45 

42 

AMERICAN  DIVISION,  DREDQE  NO.  1. 


8133.61 

8i7,ona3o 

1.142 

a77i 

1.208 

a048 

a546 

aooo 

a036 

4.551 

7.66 

43 

48.33 

5,561.94 

1.143 

.741 

1.209 

.132 

.556 

.838 

.040 

4.650 

2.52 

44 

19.03 

a06L08 

7,838.90 

1.233 

1.053 

2.571 

.147 

.729 

1.139 

.021 

a893 

1.71 

46 

2a  53 

.982 

.768 

a  180 

.106 

.510 

.813 

.017 

a  375 

2.20 

46 

36196 

6,23a37 

,777 

.800 

.708 

.066 

.433 

.664 

.018 

a  480 

2.50 

47 

3a  76 

5,05a  44 
^977.81 

.764 

.705 

.044 

.065 

.379 

.639 

.013 

a  229 

a  13 

48 

3a  84 

.687 

.687 

1.118 

.077 

.360 

.583 

.023 

3.485 

3.12 

49 

7a  39 

8,012:25 
6,567.81 

LOOl 

.799 

2.779 

.163 

.453 

.749 

.063 

5.997 

2.57 

50 

5a  87 

.966 

.968 

1.200 

.126 

.402 

.810 

.047 

4.509 

2.43 

61 

63.08 

4,301.66 
7^40a50 
&60a37 

.906 

.789 

.301 

.239 

.435 

.834 

.052 

3.546 

2.57 

52 

8a  91 

.790 

.767 

2.139 

.146 

.346 

.657 

.024 

4.860 

a64 

53 

100:80 

.741 

.682 

.945 

.144 

.480 

.652 

.067 

a  711 

a45 

64 

16&06 

4,471. 8(J 

.729 

,573 

.285 

.091 

.314 

.602 

.099 

2.693 

2.67 

65 

67L56 

71,179.89 

OCA 

.756 

1.346 

.125 

.434 

.723 

.041 

4.291 

32.60 

56 

i 

» 

BUTTE  CREEK  DVI8ION,  DREDGE  NC 

L3. 

1 

1 

57 

1 ' 

58 

1 

59 

1.  , 

60 

61 

62 

• 

63 

• 

64 

65 

80.83 
17.39 

aa86 

83,63&07 
3,664.50 
8,073.53 

3.046 
1.354 
1.481 

a938 
.839 
.752 

a  483 

a244 
.119 
.184 

a  777 
.677 
.888 

1.107 

1.013 

.838 

a  022 
.025 
.051 

5.616 
a287 
4.292 

1.86 
2.16 
2.38 

66 
67 
68 

64.07 

9,364.00 

1.571 

.830 

.747 

.188 

.855 

.960 

.034 

4.983 

a39 

69 
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GOLD  DREDGING  IN   THE   UNITED  STATES. 


Balance  sheet  used  by  Conrey  Placer  Mining  Cofi 


Anetg. 

Tncraase. 

Decrease. 

I>|«h  mfjn^ff  tMoilr 

• 

null  mfaiffl  offlm 

Cash  with  treasurer 

IFiniiMi  *Ti  hand 

Aoooonts  raoeivable  (list) 

Stock— warehooae  (Jlst ) 

Stock— fuel 

Pr^paM  aoomuits \  .              ... 

Dredge  No.  1 

Dredge  No.  2 T 

1 
Dredge  No.  3 

Dredge  No.  4 

MoAhlnA  fthop  an^  tools.  .                       

Mfpnf  p^iirwnal  propwiy 

1  ^fliu^fi^  buiVlines.  etc. . .  r 

• 

Suhatatlon  and  pole  line 

Defprred  ofaareM  (list) 

LUbUltiet. 

Increase. 

Decrease. 

Notes  Davable. 

Aocfflints  accniipg -  ,  r , .  r - .  - 

Canital  stock 

Sarolus  account , -  ^ ,  - . , ,  r 

Boohheeper. 


Manager. 


a  Jennings,  Hennan,  History  and  development  of  gold  dredging  in  Montana:  Bull.  121,  Bureau  of  Watu, 
1916,  p.  26. 


WOBKIKQ  COSTS. 
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Profii^4md-lo88  report  tued  by  Conrey  Placer  Mining  Cofl 
Profit-and-LoflB  Report  for  Month  of 


CuMe  yixds  dredced. 

Ifontliof 

Yoar  to  dato . . .  months. 

DredgsNo.  1 

DndseNo.2. 

DrBdg«No.3 

DiBdffeNo.  4 

TtttaL 

OpVfttlBC  OOftl. 

Ayenge 
pot  yard. 

Months. 

Avcngo 
peryanl. 

DrednNo.  L 

• 

Dredge  No.  2. 

Dxvdge  No*  3aa.>>>.«««.«»». •.•.•••.•.•........ ...•••••• 

DndsiB  No.  4. 

lV>tri 

iBdlTMt  ozponiti. 

■ 

MtrlMi,  Boflton 

TntdWtx 

l^XM. 

TfllflphOOM 

Cr^DOO  ffXpflDfle.  •.•..•...■...•■..•.••■..^.•^••••. >.••••.-■ 

RnflHIfitf  fiaraifni. ..,---    -    

T-I'olnr  nn*irtflf8 

■'iTiao^  T^'un  nvo.  .•..•..... 

lfifff>f>H«MH^yi^  OXpOHSflB 

Rtablo  exiwffWB 

ifnifitfVMnoA  fmhatntJon  Mii  poie  MilA 

ii^wlffy  dit4Th4<p,  and  feacn 

nttAAi*  ezDcmw. 

Total  ofNCBting  costs , 

Totnl  vicpfflMff .  ■  ■  ' 

Balanm  TM*^  «Bniinffs  to  mrnlnji  Anmnnt 

I 

DrMlfln  No.  1. 

• 

DnidMk  No.  !L 

TVrndsA  No.  3. 

DfMlaM  No.  4..  - 

N#it  hnllloD.  to^ 

p««wkh  mtmng., .-.-.-                            

RMlte    -  - 

LMitn     .^ 

Scni) 

Intarmt  niflelDts 

RImw)  TMVlfntL - - 

Vbmllimnoas  nodDts. .  ,  .   - 

Bookheeper. 


Manager, 


a  Jenniiigs,  Hoimen,  work  quoted,  p.  96. 
1462**— 1ft— Bui.  127 12 
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GOLD  DREDGING  IN  THE  UNITED  STATES. 


Fcrm,  of  operatxTig  report  used  by  Conrey  Placer  Mining  Cofl 
Operating  Report  for  Month  of Dredge  No.  . 


Time. 


Montliof 


Rmmiiig  hoora percent. 

Lost  hooTs percent. 

Total  hoars 100i>ercent. 


Year  to  date months. 


Hours per  cent 

Hoars per  cent 

Hours lOOpercent 


Sxoavatlon. 


Cable  yards  dredged ' virgin. 

Cabio  TBTds  dredged tailings. 

Oubioyafds  dredged 

Avoroge  per  running  hour 

Aw&ge  per  bnoket 

Bixdketspeir  xnionte 

Avenge  Ulowattlioan  i)er  yard 

Aene  dredged 

Avenge  depth  to  bedrock 


Montbs. 


Prodnotion. 


Oross  bullion 

Less  express 

Net  bullion  to  proflt'«nd-loes  report . 


Avenge 
peryara. 


Mooths. 


Avenge 
peryBio. 


Operating  cost. 


Labor. 

Fuel 

Power.. 

Suppllee. 

Upkeep  of  chain 

Repairs: 

Dicing  ax>pllances,  labor 

Digging  appliances,  material 

Pumping  appliances,  labor 

Pumping  appliances,  material 

Oold  saving  and  washing  appliances,  labor 

Gold  saving  and  washing  appliances,  material. . 

Electrical  appliances,  labor 

Electrical  appUanoes,  material 

Heating  appliances,  labor 

Heating  appliances,  material 

Hull  and  housing,  labor 

Hull  and  housing,  material 

Miscellaneous 


^Dotals  to  profit-and-loss  report. 


Bookkeeper, 


Manager, 


a  Jennings,  Hennon,  work  quoted,  p.  27. 


WORKING  COSTS. 


Santmary  afyeirly  yvAige  and  expenta,  Ctmrey  Plaeer  Mining  Co.,  Sept.  I,  1906,  to 
JidySl,i91S.<^ 


SS, 

AvftngvupAimtin^o 

■■tt  per  oDblo  yHd,  Id  oaals. 

I,.b«. 

FDtl. 

Fixmt. 

S  !J!;ffi 

Total. 

rertiii 

ToUI. 

i 

:S 

•^s 

i-BP 
L« 

!:S 

in 

I.M 

1.3S 

lilS 

0.30 

'.m 

.97 
.31 

S.9t 

fl.M 
7.01 

11 

(.06 

8.§0 
.33 

t 

.91 

:S 

87 
SO 

m 

i 

09 

IB 
12 

7.  IB 

M! 

Total 

81,379,  SM 

1. 37 

.11 

1,13 

.10 

1.00 

1.7B 

B.91 

i.OB 

•.•• 

•Imiiiiici,  Hemien,  work  qnotod,  p.  38. 


dltdm,  bcniu  (o  amplOTMs,  legal  expnun,  aoddenU,  Ml  alllc« 


msfnlcniDOe  of  pals  lb 


a  No*.  1,  t,  3,  and 


Item. 

rf 

KT 

'S^ 

rr 

Tgtal. 

71 

07 

n 

ts 

u 

100 

ino 

100 

100 

BXCAVATION  DATA. 


SSSSSSSS::Xfr°'::::;::. 

'■",!;S 

i,SlS,7M 

8,1M,281 

9,880,333 

ti,m,s6o 

A.-SSaSfS-'™ 

1S.7S 

■IP 

'""•is 

1.73 

■a." 

II),0M,S1S 

1!I.S3 
1.3S 

S3,Ba,873 

OPEBATraa  C08TB,  AV 

ERAGE  O 

0«T  PKE  YAKD,  IN  CENTS. 

l!27 

lira 

l.U 

l'4S 

L75 

ioB 
l.U 

0.79 
l!09 

■:S 

COST  OF  BEPAIB8,  IN  CENTS. 


PnmpQigi 


^impEug  kppUMNv,  tobcr 

Pumping  ipplluKes.liUlCrlKl  .... 
0(U  n?iiig  uiil  WBdiios  appltaooes, 
GcM  avbig  uid  waihlDi  appliume. 


KkctrloJ  ippUuKH,  hbor.. 
Eltniial  ■ppltanoa.  nnlw^ 
VaXia^  appUuien ,  tobar. . . 


|JaiiiliiB,Ila]i]en,  work 


■  JauUnB,  Uouii 
'TtastdSnBdrei 


qDMed,  p.  2 
not  DSBcfla  I 
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GOLD  DREDGING  IN  THE  UNITED  STATES. 


Operating  cMis  of  dredges  of  Natoma 


I. 
2. 
3. 
4. 
6. 

6. 
7. 
8. 
0. 
10. 


3. 
3. 


DfBdgeNo. 


NUoma  DivMon. 


F.  R.  DivMon. 


Natoma  Division. 
F.R.  Division... 
Both  divisions... 


1 

13| 

9 

9 

9 
15 
15 
15 


Time. 


363 
363 
364 
303 
363 
363 
363 
363 
363 
363 


363 


3,671 
1,099 
4,660 


8,712 
8,712 
8,736 
7,272 
8,712 
8,712 
8»712 
8,712 
8,712 
8,712 


8,712 

8,712 

8,712 
85,70416: 
26,136 
111,840 


Bt9,  fliM. 
1,606  65 
1,109 
1,564 
1,204 
1,542 
1,452 
2,322 
2,341 
1,481 
2,183 


26 
10 
40 
10 

30 
30 
55 

66 


902  25 

1,212  35 

1,261  45 

',800  10 

3,366  45 

20,175  65 


Brt,  mln. 

7,106 

7,602 

7,171 

6,067 

7,169 

7,260 


6 
36 
60 
20 
50 


6,^ 
7,230 
6,628 


7,800 

7,499 

7,460 

68,894 

22,769 

91,664 


30 

80 

6 

6 


35 
25 
16 
60 
15 
5 


81.6 
87.3 
82.1 
83.4 
82.3 
83.3 
73.3 
78.1 
83.0 
74.9 


89.6 
86.1 
85.6 
80l4 
87.1 
82. 


1 


Hn.  min. 

19  M 

20  67 

19  42 

20  1 
19  45 
20 

17  96 

17  33 

10  55 

17  O 


21  31 

20  40 

20  83 

19  18 

20  66 
19  40 


WOBKINO  OOSTB. 
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Comolidated  of  CaU/ornia. 


I 

> 


Feet. 


o 
Eh 


Cu.pis. 
2,884,250 
1,810,S« 
37]  1,017,393 
23  2,049,853 
1,802,  M4 
1,306,212 
1,409,431 
2,063,568 
2,346,831 
2,273,942 


24i 
21 


M 
40 
flO 
67 
54 
37 


S3 
36 
41 
34 

38 


1,815,079 
1,509,316 
2,818,339 

19,710,9r 
6,143,634 

25,863,619 


9 
.M 

d 

s 


Cu.fdM 
7,946 
5,005 
4,443 
6,765 
4,966 
3,846 
4,048 
5,657 
6,466 
6,964 


6,000 
4,158 
7,764 
5,520 
5,641 
5,548 


Aeree. 
75w9684 
510199 
27.0231 
66.8314 
20.8095 
21.6344 
14.8511 
19.0006 
37.1771 
38L0907 


Cost  per  coble  yard,  cents. 


3.93 
3.89 
5.33 
X67 
4.27 
6.49 
5.82 
7.14 
5.25 
536 


33.8020'  2.50 

26l7344  3.01 

42.6772  3.81 

355.0651   4.01 

103.2136  2.90 

458.2987]  4.45 


Ronoing  expense. 


t 

• 
»4 

i 

• 

C 

3 

1 

1 

1 

0.69 

0.06 

0.70 

0.08 

1.03 

.18 

.71 

.19 

1.13 

.16 

.75 

.14 

.65 

.05 

.50 

.07 

.77 

.08 

.84 

.07 

1.29 

.28 

1.06 

.13 

1.01 

.14 

1.25 

.11 

.84 

.15 

1.32 

.10 

.83 

.18 

1.41 

.11 

.88 

.17 

1.09 

.12 

.80 

.09 

.54 

.87 

.06 

.60 

.80 

.15 

.94 

.87 

.13 

.96 

.ii 

.82 

.11 

.73 

.85 

.13 

.91 

.08 

o 

Eh 


1.431 

xn 

X17 
1.27 
1.76 
X76 
2L51 
X41 
2.53 
X36 


L43 
L53 


Repairs. 


2 

n 


0.19 
.19 
.21 
.17 
.33 
.28 
.52 
.43 
.26 
.30 


.08 
.13 


1.89{  .09 

2.07,  .28 

1.66  .10 

1.97!  .24 


1.75 
.95 
2.29 
.60 
1.66 
2.64 
1.99 
3.58 
1.74 
L96 


.47 
.64 
.77 

l.{ 
.6A 

1.69 


0.41 
.44 
.48 
.49 
.43 
.66 
.63 
.57 
.50 
.51 


.84 

.41 
.38 
.49 
.35 
.45 


ao8 

.08 
.03 
.03 
.08 
.08 
.07 
.08 
.03 
.07 


.08 
.04 
.08 
.03 
.08 
.03 


.07 
.15 
.12 
.10 
.11 
.10! 


.09 
.11 
.08 
.06 
.09 
.07 


WOEKING  COSTS. 

Operaiing  coats  of  dredges  of  Tonopah  Placers  Co, 

Dreboe  No.  1. 

Item.  Total  cost. 

Labor $18,296.69 

Supplies 8, 445. 09 

Power 14,262.36 

Total  direct  charges 41, 004. 14 

Superintendence 3,002.42 

Office 1,198.12 

lufluzance 842.  92 

Taxes 3, 696. 62 

General 670. 02 

Company  cottages 1, 021.  87 

Stable 115.39 

Auto 557.21 

Total  indirect  charges 11, 104. 57 

Total 52, 108. 71 

Yaxdage,  cubic  yards 919, 397 

CoBt  per  cubic  yard .  056 

Dredge  No.  2. 

Labor 17, 218. 08 

Supplies 9, 782.  57 

Power 17,50L72 

Total  direct  charges 44, 502.  37 

Superintendence 3, 244, 48 

Office 1,352.21 

lusurance 842. 42 

Taxes 8, 781.  70 

General 615.  99 

Company  cottages 394,  47 

Stable 115.39 

Auto 557.21 

Total  indirect  charges 15, 903.  87 

Total 60, 406.  24 

Yardage,  cubicyards 1,332,739 

Cost  per  cubic  yard .  045 

Dredge  No.  3. 

Labor 20, 838.  80 

Supplies 16, 630. 97 

Power 17,925.62 

Total  direct  charges 55, 395.  39 

Superintendence 3,799.98 

Office 1,570.22 

Ingarance 965. 57 

Taxes 3, 49L  68 

General 619. 64 
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Cost  per 
cubic  yard* 

$0,019 
.009 
.016 


.044 

.003 
.001 
.001 
.004 
.001 
.001 

.001 

.012 
.056 


013 
007 
018 


033 


002 
001 
001 
006 
001 


012 
045 


.028 
.022 
.024 

.074 

Tooi 

.002 
.001 
.005 
•  001 


t  GOLD  DREDOINQ  IN  THE  UNITED  STATES, 

hegti $138.86  

Drilling 294.48         »0.001 

Auto 557.27  .001 

Stable 82.50         

.016 


Y'udage,  cubic  yarda 743,120  

Goet  pa  cubic  )^ .090  

Total  cort  all  dredges 179, 44a  54  

Total  yardage 2,995,256  

Average  cort  per  cubic  yard 0.059  

Operating  cott*  and  miKtUaruo'ut  data,  ditdgtt  of  MarytvilU  Gold  Dredging  Co. 

DREDQE  NO.  3. 
IfuciLLunoDa  Dat^ 
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..a 

i,7»,3ta 

au 

U4 

1,61S,4« 

,a1 

1S.71W 

SS 

l.SH.QU 

«,174 

tA 

' 

Coan  Pia  Cubic  Yabd. 


■E 

.cm7 

!oos7 

lO-Oiao 

.ODBS 

Ml  01 

.0634 

■"» 

.osn 

.GW 

DREDOE  NO.  4. 


I,^ 

mi 

.«. 

igii 

«. 

3M 

ii.«e4s 

i,os8.m 

4.430 

7,07^.10 

S63 

7  A 

Costs  Pbb  Cubic  Y*rd. 


taba 

KKOIM 

.0081 
.OIU 

!0023 

10.0178 
.0103 
.(B18 
.0021 

.ooes 

looso 

.OMi 

.0482 

.0600 

.0401 

WORKING   COSTS. 
Operati^t^  eo$t*  o/dredga  ofOro  EWtric  Corporation. 


CAMANCHE  DREDGE  {llcublD[wt). 

K 

O.SS 
1.00 

1,S13,5SS 

i;7m;om 

331 
3M 

30.03  I70,3fil 
U.38  143,00* 

» 

mi 

G,UO  i  1.  IB 

1.03 

1.3a 
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0.31 

0.140    3.30 

0.388    3.W 

1 6  cubic  fiwt  capacity. 
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BECOVEBT  OF  GOLD  COXPABED  TO  COFTEITT  INDICATED  BY 

PBOSPECTIirO. 

What  percentage  of  the  gold  is  recovered  by  a  dredge,  whether  the 
actual  content  of  the  material  dredged  or  the  yield  indicated  by  pros- 
p^ting  is  considered,  has  always  been  an  interesting  question.  It  is 
generally  acknowledged  that  the  modem  dredge  with  its  improved 
washing  plant  and  large  area  of  gold-saving  tables  recovers,  except 
where  considerable  sticky  clay  or  where  "rusty"  gold  is  present,  a 
high  proportion  of  the  gold  in  the  material  washed.  The  proportion 
of  gold  recovered  from  the  amount  estimated  to  be  in  the  ground  is  a 
i !  different  matter,  and  requires  the  consideration  of  several  factors  not 

directly  connected  with  the  metallui^  of  gold  dredging.  Obviously, 
to  determine  the  difference  between  the  actual  gold  content  of  the 
ground  and  the  recovery  on  the  dredge,  it  is  necessary  to  know: 

'    t  (1)  the  gold  content  of  the  ground  previous  to  dredging,  or  (2)  the 

;  1  loss  in  the  tailing. 

Too  much  dependence  on  a  vendor's  statement  of  past  production 
or  his  estimate  for  the  future  accoimts  for  many  a  wide  discrepancy 
between  expectation  and  fulfillment,  and  the  same  may  be  said  of 
careless  or  inexperienced  sampling  or,  sometimes,  no  sampling  what- 

,  ever.    In  the  early  days  of  dredging,  inexperience  in  the  use  of  drills 

j ;  '  for  sampling  placer  groxmd  often  led  to  over  estimation  of  the  gold 

content;  this  error  accounts  in  part  for  the  first  dredges  recovering  a 
low  proportion  of  the  gold  indicated  by  drill  sampling.  Experience 
has  minimized  this  danger,  and  the  results  obtained  over  a  period  of 
years  have  shown  that  there  is  little  reason  to-day  for  a  wide  discrep- 
ancy between  the  actual  recovery  and  the  content  estimated  by  pros- 
pecting, provided  the  prospecting  was  done  by  an  experienced  engineer 
with  sufficient  f imds  and  time  at  his  disposed. 

The  thorough  sampling  of  a  placer,  as  described  in  the  chapter  on 
prospecting,  is  by  no  means  the  simple  matter  the  uninitiated  often 
believe  it  to  be.  Much  depends  on  the  care  taken  and  the  experience 
of  the  engineer  in  charge. 

If  great  care  has  been  exercised  in  sampling,  every  detail  being  done 
properly,  each  sample  will  represent  as  nearly  as  possible  the  gold 
content  per  cubic  yard  at  the  place  sampled.  Although  each  hole 
may  be  taken  as  indicative  of  the  content  of  the  groimd  where  it  is 
simk,  the  proper  placing  of  the  holes  is  of  importance.  The  proper 
location  of  holes  and  the  interval  at  which  samples  should  be  taken 
can  be  determined  only  after  a  study  of  the  ground.  There  is  no 
1^ 
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hard  and  fast  rule  to  follow.  Some  areas  have  been  considered  suffi- 
ciently prospected  with  one  drill  hole  to  10  acres;  on  other  areas  the 
engineer  has  not  been  fully  satisfied  with  one  hole  to  one  acre. 

ICXTHODS  OF  PBOSFECnNG. 

Preliminary  holes  are  generally  sunk  and  carefully  sampled  to 
detennine  whether  the  gold  occurs  in  wide  or  in  narrow  channels, 
and  whether  its  distribution  is  fairly  even  or  in  irregular  pay  streaks. 
Holes  badly  spaced  with  too  many  in  the  richer  part  of  the  ground 
would  yield  too  high  an  average  content.  Ground  that  shows  a 
spotted  or  irregular  gold  content  will  obviously  need  more  tests  than 
ground  yielding  fairly  uniform  samples.  Where  sampling  discloses 
a  channel  or  narrow  belt  having  a  higher  mineral  content  than  that  of 
the  whole  area,  the  outlines  of  the  channel  or  belt  should  be  deter- 
mined as  closely  as  the  purpose  of  the  examination  warrants.  Such 
sampling  is  needed  at  French  Oulch  near  Breckenridge,  Colo,  where 
the  principal  gold  content  is  in  a  narrow  channel,  and  groimd  outside 
the  limits  of  the  channel  is  too  poor  for  profitable  dredging. 

Sometimes  it  is  feasible  to  s^regate  certain  parts  of  a  property  and 
eliminate  low-^rade  areas.  When  a  tract  is  large  and  the  time  for 
examination  is  limited,  tests  to  confirm  the  samples  indicated  by 
preliminary  prospecting  may  be  concentrated  on  a  piece  of  ground 
large  enough  to  determine  the  advisabiUty  of  piurchasing  the  property 
and  installing  at  least  one  dredge.  From  these  statements  it  is  clear 
that  the  accuracy  with  which  the  average  mineral  content  of  placer 
ground  is  indicated  by  an  examination  depends  on  the  care  taken  in 
sampling,  the  nmnber  of  samples  taken,  and  the  situation  of  the  holes 
with  reference  to  the  character  of  the  deposit.  Everything  hinges 
on  the  experience  and  judgment  of  the  man  in  charge. 

FACTORS  USED  IK  CAI«CT7LATIONS. 

In  estimating  the  probable  recovery  from  dredging  ground  most 
engineers,  after  determining  the  average  content  indicated  by  pros 
pecting,  take  a  certain  proportion,  generally  75  or  80  per  cent,  of  this 
indicated  content  as  recoverable  by  the  dredge.  These  figures  are 
based  on  actual  tests  made  to  determine  the  dredge  recovery,  and 
also  on  the  percentages  of  the  prospecting  content  recovered  in  dredg- 
ing certain  carefully  prospected  areas. 

Some  engineers,  when  sampling  with  drills,  use  a  different  factor 
in  their  calculations  than  that  generally  employed;  that  is,  they 
reduce  the  metal  content  per  cubic  yard  of  the  place  sampled  by  an 
amount  that,  in  accord  with  their  experience,  represents  recovery* 
Use  of  this  factor,  practically  a  combination  of  drill  factor  and 
recovery  estimates,  discounts  the  content  that  otherwise  would  have 
been  assumed  from  the  regular  drill  factor.    For  instance,  in  place 
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of  the  usual  factor  27,  a  new  factor,  33  J  per  cent,  is  used.  Engineers 
following  such  a  practice  should  mention  it  clearly  in  their  reports. 
Failure  to  do  so  might  cause  the  future  of  a  property  to  be  discounted 
further  by  persons  to  whom  the  report  is  presented,  if  these  persons 
are  not  conversant  with  the  methods  employed  in  computation. 

Attempts  to  confirm  the  gold  indications  of  individual  drill  holes 
by  sinking  shikfts  aroimd  the  driU  holes,  or  sinking  other  drill  holes 
near  the  first,  generally  yield  widely  different  results.  The  gold  is 
not  uniformly  distributed  throughout  the  gravel,  so  that  the  results 
from  single  drill  holes  do  not  indicate  of  average  content.  There 
are  rare  instances  on  record  of  the  dredge  recovery  exceeding  esti- 
mates, not  only  for  the  drill  showing  on  certain  small  areas  between 
dean-up  periods,  but  also  for  the  total  area  dredged.  Thus  in  a  small 
area  dredged  by  Natoma  No.  4,  120  per  cent  of  the  yardage,  and 
115  per  cent  of  the  estimated  recovery  were  obtained.  In  most  dis- 
crepancies of  the  kind  it  will  be  found  fhat  ordinary  methods  of 
valuation  were  discounted  in  preparing  the  estimates. 

The  following  reference  to  the  Pato  property,  taken  from  the 
report  of  the  Oroville  Dredging  Co.,  dated  September  30,  1911,  shows 
the  prevailing  practice  in  discounting  the  prospecting  indications. 
''The  original  estimates  by  the  engineers  give  us  an  area  containing 
13,637,347  cubic  yards  of  material,  yielding  gross  $3,202,986,  there 
having  been  deducted  from  the  values  recovered  by  protecting  tests 
25  per  cent  for  variation,  possible  losses,  etc" 

BECOVEBY  FBOM  DIFFEBENT  PABTS  OF  TABLE. 

Figure  22,  representing  the  gold-saving  table  of  a  6-foot  close- 
connected  bucket  dredge,  furnished  by  W.  H.  James  of  Oroville, 
shows  the  percentage  of  the  total  gold  recovered  from  different  parts 
of  the  table.  It  is  based  on  careful  data  kept  at  each  dean-up  for 
a  period  of  three  years. 

The  total  table  area  is  1,457  square  feet;  89  per  cent  of  the  gold 
recovered  is  arrested  on  292  square  feet,  as  shown  on  those  portions 
of  the  table  marked  1.  Including  the  recovery  from  the  save-all, 
92.2  per  cent  of  the  gold  was  obtained  from  332  square  feet;  4.68  per 
cent  more  was  recovered  from  360  square  feet  additional.  Thus 
96.9  per  cent  of  the  total  gold  recovered  on  this  dredge  came  from 
692  square  feet  of  table  area.  The  remaining  3.1  per  cent  was 
obtained  on  the  additional  765  feet.  Although  the  total  table  area 
on  this  dredge  was  1,457  square  feet,  that  on  a  dredge  having  the 
same  bucket  capacity,  but  designed  for  ground  containing  much 
clay  and  difficult  to  wash,  was  increased  to  3,800  square  feet. 

Table  area  varies  with  the  ideas  of  designers  and  with  the  condi- 
tions to  be  encoimtered.  From  the  first  dredges  with  only  a  few 
square  feet  of  table  area  to  the  modem  15-foot  dredge  with  8,000 
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square  feet  is  a  long  step,  as  is  abo  the  increase  of  capacity  from  10 
cubic  yards  or  less  per  hour  of  actual  mining  time  for  early  dredges 
to  500  cubic  yards  per  hour  for  months  at  a  stretch  for  some  modem 
boats. 

Figure  22  is  interesting  as  showing  how  large  a  proportion  of  the 
gold  is  recovered  on  the  upper  part  of  the  table,  the  bulk  of  all  the 


FiouBB  22.— Table  plan  of  gold-Baving  area  on  dredge  equipped  with  revolving  screen,  showing  dis- 
tribution of  flow  and  reoovery  from  segregated  areas. 

gold  recovered  being  actually  taken  from  the  first  3  feet  at  the  top 
end.  It  is  advisable,  however,  to  have  as  large  a  table  area  as  space 
will  permit,  even  though  it  is  not  often  necessary  to  clean  up  the 
lower  end.  Tests  with  the  Neill  jig,  described  in  the  chapter  on 
metallurgy,  indicate  the  advisability,  on  some  boats,  of  supplementing 
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the  gold-Having  tables  with  other  devices.  Few  operators  have  ever 
complained  of  having  too  large  a  table  area  on  their  dredge,  and 
many  would  add  to  the  existing  tables  if  space  permitted.  Investi- 
gation of  the  tables  of  a  dredge  will  generally  show  some  loss  of 
quicksilver,  and  consequently  of  gold,  over  the  tail  sluice  in  addition 
to  the  fine  gold  carried  off  in  suspension. 

From  the  amalgam  returns,  the  percentages  recovered  from  the 
different  gold-saving  appliances  on  the  Conrey  dredges  at  Ruby, 
Mont.,  from  the  start  of  th^  work  te  December  31,  1913,  are  as 
imder: 

Proportion  of  total  recovery  from  gold-saving  devices  on  Conrey  dredges. 

Dredge  No,  1.  Percent. 

All  20  tables 92.54 

Tail  sluices a  31 

Wellsave-aU 4.15 

100.00 

Dredge  No.  t. 

All  20  tables 9^48 

Tail  sluices a  46 

Well  save-all 3. 08 

100.00 
Dredge  No,  S, 

Upper  flume 55.66 

Lower  flume,  first  section 27. 11 

Lower  flume,  second  section 6. 72 

Lower  flume,  below  imdercurrent 49 

Undercurrent 1. 33 

Well  save-all 5. 01 

Tables i 3.01 

Tail  sluices 31 

Biiscellaneous 36 

100.00 
Dredge  No.  4. 

First  16  tables ' 87.90 

Last  8  tables 1.96 

Tail  sluices 6.81 

Undercurrent 57 

Well  save-all 2. 76 

100.00 
GOLD  IN  TAHJKGS. 

To  sample  the  dredge  tailing  is  difEcult.  To  be  trustworthy,  any 
test  must  extend  over  a  considerable  period.  Practically  aU  such 
tests  have  indicated  an  appreciable  loss,  but  most  of  the  tests  did 
not,  so  far  as  the  author  knows,  determine  the  gold  recovery  with 
any  accuracy.  Even  the  extensive  tests  on  Natoma  No.  7  dredge 
prior  to  installing  the  Neill  jig,  although  they  demonstrated  a  high 
loss  of  gold,  did  not  establish  this  with  any  exactness.    Most  state- 
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ments  of  exact  percentages  of  loss  of  gold  have  proved,  upon  investi- 
gation, to  be  merely  guesses  made  by  the  dredge  master.  In  connec- 
tion with  one  of  the  most  thorough  tests  made  for  this  purpose,  at 
Qroville,  a  small  bucket-elevator  was  used.  The  tailing  examined 
was  taken  by  means  of  perforations  in  the  bottom  of  the  tailing 
sluices;  it  passed  to  a  small  wooden  sump,  in  which  the  lower  sprocket 
wheel  of  the  elevator  was  mounted.  The  material  was  somewhat 
concentrated,  because  of  the  method  of  collection,  but  this  could 
not  be  avoided.  The  speed  of  the  elevator  was  arranged  so  that 
approximately  2  cubic  yards  of  material  would  be  collected  during 
the  shift,  lliis  collected  tailing  afterward  was  carefully  washed 
through  a  rocker,  and  panned.  All  the  tests  showed  an  appreciable 
loss  of  quicksilver  and  amalgam,  but  no  definite  figure  of  loss,  com- 
pared with  the  total  gold  content  of  the  material  handled,  was 
obtained. 

In  general,  it  may  be  said  that  the  loss  of  gold  in  the  tailing  is 
less  than  the  amount  lost  in  front  of  the  boat,  both  from  bucket 
spin  not  caught  in  the  hopper  and  save-all,  and  from  failure  properly 
to  dean  bedrock.  It  is  estimated  by  those  competent  to  judge  that 
the  average  recovery  of  the  actual  gold  content,  while  varjring  with 
different  operating  conditions  and  efiSiciency  of  labor,  is  not  less  than 
90  per  cent  under  normal  conditions,  and  sometimes  it  may  be  con- 
siderably more.  Compare  this  with  the  following  extract  from  the 
Canadian  Mining  Review  of  January  30,  1903,  in  reference  to  the 
old  Cobeldick  dredge  at  Lytton  : 

The  director  who  was 'sent  out  from  England  to  investigate  for  the  company  the 
woiking  of  the  dredge  made  the  discovery  that  of  the  gold  dredged  up  from  the  bottom 
lesB  than  10  per  cent  was  recovered  on  the  tables,  the  remaining  90  per  cent  going  off 
again  with  the  tailing,  although  the  saving  appliances  on  this  machine  were  about 
the  most  complete  of  any  in  Britiah  Columbia. 

It  would  be  interesting  to  learn  what  tests  the  director  made  to 
arrive  at  this  conclusion.  Probably  the  recovery  was  only  10  per 
cent  of  the  estimated  amount,  and  the  blame  was  put  on  the  gold- 
saving  appliances  instead  of  where  it  rightly  belonged.  The  ques- 
tion was,  perhaps,  not  so  much  one  of  poor  recovery  as  of  an  over- 
estimate of  gold  content. 

EXAMPIiBS  OF  BBOOVEBIES  BY  DEFFEBENT  DBEDOES. 

In  a  careful  test  to  determine  dredge  recovery,  22  holes  were  sunk 
on  a  measured  area.  Results  were  from  3  to  52  cents  a  cubic  yard, 
and  averaged  19  cents;  the  regular  drilling  factor  was  used  in  the 
calculations  without  any  discount  fpr  recovery.  In  working,  the 
recovery  was,  as  nearly  as  the  author  can  remember,  17  cents  a 
cubic  yard,  or  about  90  per  cent  of  the  content  shown  by  averaging 
the  samples  obtained  in  drilling.  In  another  test  17  holes  were  put 
down  in  front  of  a  dredge,  the  content  of  the  area  closely  calculated 
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according  to  drill  methods  then  employed^  and  the  total  content  dis- 
counted 20  per  cent.  The  dredge  recovered  99  per  cent  of  the  total 
amount  estimated  to  be  in  the  groimd.  Those  companies  in  (M- 
fomia  that  get  the  highest  recovery  of  the  estimated  content  are 
those  that  discounted  the  prospecting  indications  by  20  or  25  per 
cent.  To  have  much  value,  the  recovery  percentage  based  on  pros- 
pecting must  be  foimded  on  bank  measurement  of  the  yardag: 
handled — ^not  on  the  size  of  the  dredge  bucket  and  the  running  time 
of  the  dredge. 

The  following  results,  obtained  by  a  California  company  working 
one  dredge  only,  are  of  considerable  interest,  because  the  company 
kept  careful  records  from  the  beginning. 

Results  obtained  by  a  Caltfomia  company. 

Acres  dredged 144 

Cubic  yards  dredged 6,  MO,  800 

Gold  content  per  cubic  yard  as  shown  by  drill  holes,  before  discount- 
ing  cents. .  2L  05 

Actual  recovery do 12. 92 

Recovery  of  amount  indicated  by  drill  holes per  cent. .  6L  38 

Drill  holes  to  area  (approximately  1  hole  to  3  acres) 47 

Results  from  a  Small  Area. 

Acres  dredged 40 

Cubic  yards  dredged 1, 232, 868 

Prospecting  content  (cents  per  cubic  j'ard) : 17. 18 

Recovery  (cents  per  cubic  yard) 16.35 

Percentage  of  recovery 89. 34 

Six  holes  to  40  acres. 

The  results  obtained  by  the  dredges  of  the  Natomas  Consolidated 
and  the  Yuba  Consolidated  are  of  especial  interest  on  account  of 
the  magnitude  of  the  operations.  The  dredges  of  the  Natomas 
Consolidated  from  the  beginning  of  operations  to  December  31,  1915, 
handled  approximately  150,000,000  cubic  yards.  The  following  ex- 
cerpt, in  regard  to  the  recovery,  is  taken  from  C.  M.  Rolker's  report 
on  the  Natomas  Consolidated  in  1909: 

The  writer  wishes  to  emphasize  that  according  to  the  statement  of  the  general 
manager,  Newton  Cleaveland,  the  values  of  the  di^erent  bore  tests,  which  are  marked 
on  the  company's  maps,  are  the  original  values  calculated,  reduced  by  15  per  cent 
to  make  them  representative  of  recovery. 

In  1913,  Frank  GriflSn,  the  president  of  the  Natomas  Company, 
stated  that  the  recovery  made  by  the  dredges  was  15  per  cent  less 
than  the  engineers  estimated.  This  would  be  jabout  72  per  cent  of 
the  yield  indicated  by  the  drill  holes  previous  to  the  15  per  cent 
reduction,  mentioned  in  Mr.  Rolker's  report.  It  should  be  noted, 
however,  that  all  of  the  ground  has  not  been  dredged,  and  it  is  only 
when  the  property  is  worked  out  that  the  actual  recovery  of  the 
gold  assumed  to  be  in  the  ground  will  be  ascertained. 
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The  dredges  of  the  Yuba  Consolidated  had  handled  over  135,000,000 
cubic  yards  to  February,  1915.  The  actual  recovery  as  compared 
with  tiiat  estimated  is  not  yet  ascertainable,  but,  according  to  a 
large  shareholder,  it  is  about  75  per  cent  of  that  indicated  by  pros- 
pecting. The  percentage  of  recovery  is  difficult  to  determine  as  a 
dredge  will  at  times  work  for  mont^  without  encoimtering  a  drill 
hole  and  until  the  property  is  finally  worked  out,  no  figures  for 
recovery  'as  compared  to  first  estimates,  can  logically  be  made. 
Final  %ures  will  be  interesting,  as  the  company  has  never  been 
advertised,  the  stock  is  privately  held,  and  the  profits  are  said  to 
exceed  those  of  every  other  gold-dredging  company. 

The  California  dredges  of  the  Oroville  Dredging  (Ltd.)  have  handled 
over  50,000,000  yards  to  January,  1916.  At  the  time  when  the  prop- 
erty was  floated  in  London  there  were  estimated  to  be  38,500,000 
yards  with  an  average  content  of  about  17.2  cents,  and  the  Bear 
Elver  property  was  stated  to  contain  an  average  of  12  cents.  The 
prospecting  results  as  indicated  by  drill  holes  on  some  of  this  ground 
had  been  discoimted  previous  to  the  consolidation,  but  seeming  not 
on  the  lai^er  part  of  the  property.  The  average  recovery  from 
dredging  44,800,000  cubic  yards,  exclusive  of  Bear  River  gravels, 
was  11.17  cents  per  yard,  indicating  a  recovery  of  approximately 
65  per  cent  of  what  was  expected. 

The  Bear  Hiver  area  was  even  more  disappointing.  The  average 
from  1,832,585  cubic  yards  during  three  years  was  5.26  cents,  or 
about  44  per  cent  of  the  estimated  content.  The  recovery  made  by 
the  Pato  dredge,  operating  on  the  holdings  of  this  company  in  Colom- 
bia, have  been  the  subject  of  considerable  comment,  as  the  yield  has 
been  at  times  far  in  excess  of  the  average  gold  content  as  estimated 
for  the  entire  area.  It  is  clearly  imderstood  by  those  with  experi- 
ence in  such  matters  that  the  recovery  made  by  a  dredge  over  short 
periods  often  varies  greatly.  Discrepancies  of  recovery  over  such. 
periods  compared  with  the  average  gold  content  assumed  for  the 
whole  area  are  no  more  significant  than  high  gold  content  in  a 
few  drill  holes  as  compared  with  the  average  of  the  property,  other 
than  perhaps  to  indicate  a  richer  spot  or  ^'channer'  in  the  area. 
In  other  words,  because  the  recovery  from  a  property  for  a  short 
period  in  the  beginning  of  operations  is  higher  than  the  average  for 
such  property,  there  is  no  reason  to  expect  the  whole  area  to  exceed 
the  assumed  average. 

The  results  from  Pato  show  that  during  two  seasons  2,500,000 
cubic  yards,  yielding  an  average  of  43.8  cents,  has  been  dug  in  an 
area  of  92  acres,  which  were  estimated  to  contain  a  total  of  3^780,000 
cubic  yards  having  an  average  content  of  40.4  cents.  Although  the 
recovery  of  the  dredge  per  cubic  yard  for  the  first  750,000  yards 
from  the  ''tested"  area  was  54  per  cent  more  than  the  estimated 
1452*>— IS— BuU.  127 ^13 
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content  as  indicated  by  the  driU  for  the  whole  92  acreS;  and  occa- 
sioned considerable  comment  at  the  time,  it  meant  only  that  the 
dredge  was  operating  in  the  richer  parts  of  the  ''tested  area."  No 
comparison  of  recovery  as  compared  with  average  prospecting 
content  could  rightly  be  made  on  a  small  section  of  a  large  tract. 

It  has  been  stated  °  by  the  C!olorado  Gold  Dredging  Ck).,  operating 
in  Colorado  that  the  recovery  from  its  dredge  imder  the  best  con- 
ditions averaged  about  80  per  cent  of  the  gold  previously  estimated 
to  be  in  the  gravel.  Other  C!olorado  companies,  however,  did  not 
succeed  in  obtaining  as  high  a  recovery.  In  fact,  a  number  of  the 
earher  dredging  ventures  in  Colorado  proved  improfitable,  though 
doubtless  the  gold  content  assumed  to  be  in  the  groimd  was  suffici- 
ent to  justify  the  venture.  ^ 

Although  most  of  the  figures  mentioned  have  been  based  on 
prospecting  done  under  the  direction  of  careful  engineers,  there  are 
numerous  instances,  particularly  of  early  drillings,  where  the  recovery 
made  by  the  dredge  has  been  40  per  cent  or  less  of  the  assumed 
average  gold  content  of  the  ground.  The  dredges  of  one  California 
company  handled  8,156,571  cubic  yards  and  obtained  a  recovery 
of  40.6  per  cent  of  the  gold  indicated  by  prospecting. 

FATTIiTY  PBOSPECTIKa  A  CAUSE  OF  SEEMZNGLY  POOB  BEOOVEBY. 

At  times  a  poor  recovery  is  made  by  a  dredge  on  account  of  careless 
or  inexperienced  work  during  the  examination.  Although  bore 
holes  indicated  5  to  13  grains  per  cubic  yard,  one  of  the  dredging 
companies  in  West  Africa  never  recovered  more  than  2  grains  per 
yard.  Ransome  ^  mentions  that  methods  employed  in  drilling  and 
calculating  gold  content  are  not  always  uniform  and  cites  an  instance 
showing  the  comparative  results  of  two  methods  used  by  the  Colo- 
rado Gold  Dredging  Co.  to  estimate  the  value  of  groimd  tested  by 
drill  holes.  By  one  method  of  computing,  using  the  diameter  of  the 
drilling  shoe,  a  content  of  4.6  cents  a  yard  was  indicated,  and  by  the 
other,  figuring  the  volume  of  the  material  piunped  from  the  same 
hole,  a  gold  content  of  25.4  cents  a  yard  was  indicated. 

Mention  may  also  be  made  of  a  property  near  Nome  in  Alaska, 
where  the  value  of  the  gold  recovered  was  less  than  20  cents  per 
yard  from  gravel  that  was  claimed  would  average  more  than  $1.  It 
may  be  said,  however,  that  this  instance  represented  not  so  much  a 
poor  recovery  as  fraudulent  representation.  What  was  needed 
here,  and  would  be  valuable  elsewhere  under  like  conditions,  was 
not  so  much  a  factor  representing  dredge  recovery  as  one  to  discount 
vendor^s  statements. 

a  Bradford,  A.  H.,  and  Curtis,  R.  P.,  Dredging  at  Breckenridge,  Colo.:  Min.  and  ScL  Press,  vol.  99, 
Sept.  11, 1900,  pp.  361-366. 

bRsnsome,  F.  L.,  Geology  and  ore  deposits  of  the  Breckenridge  district,  Colofido:  Prof.  Paper  75^ 
U.  S.  Oeol.  Survey,  1911,  p.  181. 
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BBCOVXBIB8  7BOX  BBDBXDaBD  GBOVlSm. 

Some  groTind  that  was  redredged  in  California  in  moving  boats 
to  new  positions  returned  1  to  3  cents  a  yard — ^not  sufficient  to  pay- 
operating  expenses,  but  from  one  area  a  dredge  recovered  gold  to 
^e  value  of  10  cents  a  yard  when  working  through  tailing.  An 
investigation  resulted,  and  a  considerable  part  of  the  tailing  was 
redredged  at  a  profit.  Imperfect  washing  of  the  material  caused  by 
the  poor  arrangement  of  the  washing  plant  and  the  gold-saving 
tables,  which  were  replaced  with  more  modem  equipment,  was  the 
cause  of  the  poor  recovery,  and  perhaps  the  desire  to  make  yardage 
records  with  the  earlier  dredge  was  also  an  essential  factor.  Else- 
where, from  gravel  containing  much  clay  or  cemented  gravel,  the  re- 
covery of  gold  may  be  low  and  the  tailing  show  sufficient  gold  to 
make  redredging  practical.  In  some  parts  of  the  Oroville  field  clay 
dredged  six  years  ago  and  since  exposed  to  the  weather  has  not  yet 
disintegrated. 

In  northern  California  the  recovery  recently  made  by  a  dredge 
was  15  cents  a  yard  when  working  through  the  tailing  from  a  former 
dredge.  The  reason  was  that  the  earUer  dredge  had  not  reached 
bedrock.  The  first  dredge  did  not  prove  a  financial  success  but  the 
second  has  been  a  profitable  venture  from  the  beginning. 

At  Jenny  Land,  Calaveras  County,  as  high  as  7  cents  a  yard  has 
been  recovered  in  redredging  ground.  On  the  other  hand,  Dredge 
No.  3,  Feather  River,  of  the  Natomas  Consolidated  Co.,  dug  through 
500,000  cubic  yards  of  tailing  from  the  old  Cherokee  track,  also 
digging  about  100,000  yards  of  virgin  ground  during  the  same  run. 
The  recovery  from  the  600,000  yards  handled  averaged  only  IJ 
cents  a  yard,  and  the  greater  part  of  this  recovery  must  have  been 
from  the  new  ground,  indicating  that  the  tailing  was  practically 
barren. 

The  Pennsylvania  dredge  at  Oroville  in  moving  to  a  new  location 
cut  through  over  half  a  mile  of  tailing  and  recovered  about  $450,  no 
attempt  being  made  to  dig  deeper  than  necessary  for  flotation. 
Other  dredges  in  the  Oroville  district  in  working  through  tailings 
from  former  operations  have  recovered  from  1  cent  to  as  high  as 
10  cents  a  cubic  yard  over  short  periods,  the  high  recovery  repre- 
senting that  of  a  dredge  digging  neq^r  bedrock  ridges  that  had  been 
left  between  cuts  in  former  dredging. 

A  washing  plant  was  built  by  the  Natomas  Consohdated  to  handle 
the  fine  material  screened  from  the  rock  sent  to  the  rock-crushing 
plant.  All  material  smaller  than  i  inch  was  sent  to  this  plant, 
which  had  riflled  sluices  and  tables.  The  recovery  when  the  plant 
was  first  tried  indicated  about  SJ  cents  a  yard  for  the  material  sent 
to  the  tables  and  about  |  cent  for  the  total  material  handled.  The 
upper  2  feet  of  fine  material  left  after  the  coarser  rock  is  taken  to  the 
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roc&-crushing  plant  has  given  rather  high  results  at  times,  and  it 
may  be  possible  to  redredge  some  material  at  a  profit  after  the  rock 
has  been  removed  and  by  reclaimimg  the  land  behind  the  dredge 
add  to  the  profit  of  the  operator. 

At  Ruby,  Mont.,  although  the  entire  property  has  never  been 
systematically  prospected  as  a  whole  according  to  modem  methods, 
small  areas  have  been  more  or  less  closely  prospected  by  drill  holes 
and  afterwards  worked.  The  percentage  of  recovery  by  the  dredges 
has  generally  averaged  about  80  per  cent  of  the  probable  recoveiy 
indicated  by  prospecting,  the  ordinary  driU  factor  being  used  for 
valuing  the  gold  content  of  each  hole.  The  percentage  of  the  actual 
gold  content  recovered  by  the  dredge  is  of  course  a  different  matter. 
Drill  holes  in  the  tailing  of  the  present  dredge  have  shown  httle  gold 
and  when  it  was  necessary  to  dig  through  any  of  this  tailing  in  moving 
the  dredge  to  a  new  position  the  recovery  has  been  about  0.54  cent 
a  cubic  yard  in  a  total  of  approximately  125,000  yards  thus  reworked, 
indicating  a  close  recovery  of  the  gold  content  on  the  first  dredging 
where  the  ground  is  easily  washed.  In  May,  1915,  the  No.  3  dredge 
dug  through  a  quantity  of  tailings  from  the  old  steam  dredges  and 
made  a  recovery  of  2.05  to  3.73  cents  a  cubic  yard,  demonstrating 
that  the  earher  dredges  were  not  as  efficient  gold  savers  as  the  modem 
ones.  The  figures  indicate  a  loss  with  the  formerly  used  flume 
dredge  varying  from  10  to  perhaps  20  per  cent  of  the  actual  content. 

BECOVEBY  OF  OOLD  AT  OBOVILLE,  CAL. 

The  following  table  prepared  by  one  of  the  most  careful  Cali- 
fornia operators  is  of  considerable  interest,  and  is  based  upon  the 
following  data:  In  dredging  the  property,  a  clean-up  was  made  at 
the  end  of  15  days'  dredging.  It  was  found  frequently  that  there 
had  been  a  prospect  drill  hole  on  the  area  dredged  during  a  15-day 
period.  If  tile  hole  was  near  the  center  of  the  area  the  recovery  was 
compared  with  the  content  indicated  by  the  drill  hole.  If  th-e  hole 
was  reached  at  or  near  the  end  of  the  15-day  period,  an  average  of 
two  such  periods  would  be  used  as  the  recovery  figure  for  com- 
parison with  the  content  indicated  by  prospecting. 


BECOVEKY  COMPARED  TO  PROSPECT  SHOWING. 

Comparative  drill^heet  values  and  actual  dredging  resulU  at  Oroville,  CalA 

[Airaoged  in  order  of  highest  drill<«heet  results  and  reduced  to  percentages  of  recover  j.] 

FIGURES  OF  ENGINEER  "A". 
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20.72 

34.60 

G 
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26.50 

64.60 

C 

42.30 

19.56 

46.30 
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33.53 

13.36 

39.80 

U 

32.79 

15.56 
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17.50 
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23.81 
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62.30 

A 

21.35 
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43.30 

N« 

31.23 

10.37 

48.80 

V 

20.80 
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67.30 

M 

20.25 

11.17 

55.16 

K 

18.52 

14.80 

80.00 

J 

15.47 
14.30 

7.97 
13.28 

5L50 
92.90 

A, 

D 

11.14 

17.00 

152.60 

B, 

10.76 

5.77 

53.60 

t! 
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13.82 

166.30 

B 
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10.40 

138.00 

Y 

6.02 

19.35 

321.00 

Z 

2.58 

15.50 

600.00 

X 

1.85 

7.25 
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FIGURES  OF  ENGINEER  "B." 
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14 

29.76 
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5 

26.14 

12.00 

46.00 

4 

25.76 

10.25 
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3 

22.12 

12.93 
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7 

20.61 

11.50 

51.00 

8 
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16 

4.47 

4.60 
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FIGURES  OF  ENGINEER  "C." 
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15 

34.22 
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1&88 
18.37 

15.44 
20.60 

82.39 
112.20 

( 



1 

56 

17.83 

12.00 

67.30 

e 

17.40 

19.16 

109.50 

a  Janin,  Charles,  Recovery  of  gold  in  dredging:  Min.  and  Sci.  Press,  vol.  109, 1914,  p.  717. 

6  Check  hole  to  verify  results  of  hole  previously  drilled  having  similar  designation.    (See  above.) 

The  data  show  that  in  the  field  worked  by  this  dredge  at  least  the 
record  of  a  single  drill  hole  can  not  be  regarded  as  representative  of 
the  actual  gold  content  of  the  surrounding  area.  This  has  been  the 
experience  of  other  operators.  In  one  field,  where  the  drill  hole  indi- 
cated 2.58  cents  a  yard,  as  shown  on  the  table,  the  dredge  recovered 
15.5  cents,  or  600  per  cent,  of  the  content  given  by  the  drill  hole;  in 
another  field,  from  ground  where  the  drill  showed  a  content  of  59.8 
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cents,  the  dredge  recovered  20.7  cents,  or  34.6  per  cent;  and  in  a 
third,  where  26.2  cents  was  indicated,  only  4.6  cents,  or  17.5  per  cent, 
was  recovered. 

Any  estimate  to  be  at  all  trustworthy  can  be  made  only  from  the 
average  of  the  content  indicated  from  a  number  of  drill  holes  that 
have  been  intelligently  placed  and  carefully  sampled.  If  the  work  of 
prospecting  has  been  done  efficiently,  an  estimate  of  the  gold  con- 
tent of  a  property  can  be  made  with  some  degree  of  accuracy,  but  if 
the  work  has  been  carelessly  performed  by  unreUable  or  inexper- 
ienced engineers,  the  results  obtained  are  so  worthless  as  to  reader 
any  refinement  or  calcidation  merely  ridiculous. 

BBCOVEBY  AT  SNELUKO,  CAL. 

The  following  example  of  recovery  as  compared  to  prospecting  is 
extracted  from  a  letter  of  J.  W.  NeiU:  <* 

The  tract  in  question,  belonging  to  tfie  Yosemite  and  Mining  Go.  at  Snelling  and 
comprifiing  30  acres,  lay  on  the  opposite  side  of  the  river  from  the  general  mass  of  the 
ground  and  was  left  until  the  last  for  this  reason.  It  was  of  importance  to  know  whether 
this  area  was  profitable,  as,  if  so,  we  would  cross  the  river,  and  dismantle  the  boat  close 
to  the  county  road,  thus  saving  much  distance  in  hauling.  Holes  were  drilled  as  per 
the  first  map,  400  feet  apart  up  and  down  the  stream,  by  200  feet  across  the  flow,  mak- 
ing 20  holes  in  all .  The  map  shows  the  depth  and  the  value  as  shown  by  the  samples. 
The  area  was  in  part  badly  overgrown  with  brush,  and  in  part  in  a  slough,  so  we  had  to 
drill  a  few  holes  rather  out  of  alignment.  The  top  soil,  consisting  of  sandy  loam, 
averaged  about  6  feet  deep;  below  this  was  gravel  consisting  of  small  cobbles  and  sand. 
The  bedrock  was  soft  lava  ash. 

The  average  of  these  holes,  figured  in  the  regular  way,  is  5.29  cents  per  yard.  We 
use  the  '^0.01  formula"  in  our  estimates,  and  for  the  probable  dredge  yield  deduct 
from  this  20  per  cent  for  losses.  This  would  make  the  probable  value  of  the  area 
only  4.32  cents.  Moreover,  in  this  area  there  are  three  high  holes — 2b  cents,  14  cents, 
and  20  cents.  If  we  cut  these  in  half,  as  being  freaks,  we  get  a  value  for  the  area  of 
3.63  cents  and  2.90  cents  dredge  yield. 

To  see  if  there  was  not  a  possible  area  of  sufficient  value  to  warrant  dredging  a  second 
series  of  holes  was  put  down,  as  in  map  No.  2,  and  for  this  prospecting  an  average  of  4 
cents  per  yard,  drill  yield,  or  3.3  cents  dredge  yield,  was  obtained,  including  two 
freaks  of  35  cents  and  13  cents.  By  cutting  these  in  two  a  drill  value  of  only  3.27 
cents  and  a  dredge  value  of  2.61  cents  is  indicated.  These  two  samplings,  therefore, 
checked  within  a  small  fraction  of  a  cent  against  each  other,  and  the  total  average  of 
both,  which  is  for  45  holes  in  30  acres,  4.57  cents,  including  all  holes,  or  3.42  cents  if  • 
half  the  freak  holes  be  deducted.  The  comparison  would  therefore  be:  First  20  holes, 
3.63  cents;  second  25,  3.27  cents;  of  all  45,  3.42  cents.  After  much  discussion  we 
selected  a  piece  of  the  ground,  crossed  the  river,  and  dredged,  as  shown  in  map  No.  3, 
seven  acres.  This  dredged  area  covered  14  drilling  holes  whose  average  value  was 
7.75  cents,  or  if  we  deduct  as  before  the  half  of  three  high  ones — 20  cents,  33  cents,  and 
13  cents— we  get  5.55  cents  as  the  drill  value,  or  an  expected  dredge  yield  of  4.44  cents. 
The  records  of  our  bullion  product  show  for  these  three  months  an  average  yield  of 
6.74  cents  per  yard.    In  other  words,  we  saved  by  the  dredge  a  little  more  than  80 

per  cent  of  the  drill  returns  of  all  holes,  including  the  freaks. 

■     . _ _,^ 

a  Neill,  J.  W.,  Letter  relative  to  methods  of  testing  placer  gravels:  Min.  and  ScL  Press,  vol.  100, 
Aug.  8,  1014,  pp.  221-223 
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In  the  construction  and  operation  of  dredges  in  out-of-the-way  places 
the  power  factor  is  one  of  the  highly  important  problems.  Where 
electricity  is  available  it  is  the  most  nearly  ideal  power  for  dredge 
operation,  but  often  electricity  is  either  not  available  or  can  be 
developed  only  at  an  excessive  cost.  For  the  operation  of  only  one 
dredgei  obviously  great  expense  can  not  be  undertaken  in  power 
lines  and  electric-power  installation^  but  if  a  company  is  building  a 
number  of  dredges  or  if  several  companies  contemplate  dredge  opera- 
tion in  a  new  field  a  central  power  plant  to  generate  electricity  will 
as  a  rule  prove  economical.  Should  electric  power  be  neither  avail- 
able nor  feasible  then  some  other  form  of  power  must  be  considered. 

The  first  steam  dredges  were  excessive  consimiers  of  fuel;  and  oper- 
ating coats  were  high  in  comparison  to  those  when  electricity  became 
available  for  use  on  the  same  dredge.  An  example  of  the  reduction 
in  the  power  cost  in  dredges  is  that  shown  on  the  operation  at  Ruby, 
Mont.  With  the  cost  of  coal  at  $4.90  a  ton  the  fuel  costs  of  the  two 
Conrey ; 7i-f oot  and  lO-foot^steam  dredges  during  1904  to  1906 was  3.51 
and  3.07  cents  a  cubic  yard.  Although  these  were  old-type  and  ineffi- 
cient machines,  the  figures  cited  illustrate  the  high  power  cost  under 
steam  operation  even  with  a  low  fuel  cost.  The  cost  of  power  and  fuel 
for  the  present  Ruby  dredges  averages  less  than  1^  cents  a  cubic  yard* 

Practically  all  dredges  now  operating  in  the  United  States  use 
electricity.  'In  Alaska  where  the  single-dredge  installation  is  the 
rule  and  on  the  Seward  peninsula  where  upward  of  100  dredges  have 
been  built,  40  of  which  were  either  operating  or  imder  construction 
in  1913,  only  two  used  electricity.  In  this  field  and  in  the  Philippines 
the  American  dredge  constructor  has  had  the  opportunity  to  exercise 
his  ingenuity  and  here  most  experiments  have  been  made  and  the 
greatest  development  has  taken  place  in  the  power  arrangement  of  the 
self-contained  dredge.  In  1912,  the  writer  ^  published  an  article  on 
dredging  in  the  Seward  Peninsula  which  included  a  table  giving  the 
fuel  used  and  the  quantity  consumed  on  most  of  the  dredges  in  that 
field.    Following  is  an  abstract: 

Fuel  consumption  on  dredges  in  ike  Seward  Peninsulay  191t. 


Name  of 
dndc». 

SiMOt 

buokBta. 

Aver- 
chSly 

Hone- 
power 

ot 
dredge. 

Fuel  used 
each  day. 

Quantity. 

Cost  of 

fuel  per 

unit. 

Ap. 
proxi- 
mata 
cost  of 
fuel  per 
cubic 
yard. 

Operating 
conditions. 

Sokmon 

Cubic 
fetL 
8 
5 

5 

Cubk 
fordt, 
1,800 
2,000 
1,800 
800 

800 

160 
230 
140 
130 

160 

Coal 

Coal 

Distillate.. 
Crude  oil.. 

Wood 

7  tons 

127.00 

22.00 

0.25 

3.00 

12.75 

10.5 

15.4 

4.2 

5.2 

12.7 

Average. 

DifBciBt. 
Average. 
Some      frosen 

Three  Friends.. 
WlldOoow.... 
Pleln 

12tol7ton8 

300  gallons 

14  barrels 

7to  12  cords 

BImGoow.... 

ground. 
Average. 

•  lanln,  Charles,  Oold  dredging  on  the  Seward  Peninsula:  liin.  and  Sci. 
P>3M. 
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Since  the  table  above  was  made,  in  191 2,  there  have  been  a  numberof 
changes  made  on  these  dredges,  and  two  have  shut  down.  The  results 
indicated,  although  representative  of  work  at  the  timespecified,  cannot 
be  considered  as  representative  of  the  best  present-day  practice.  It 
must  also  be  noted  that  the  fuel  costd  do  not  include  labor,  etc. 

The  use  of  gas  engines  demonstrated  that  a  great  saving  could  be 
made  in  the  cost  of  fuel  on  dredges  using  coal,  wood  or  crude  oil 
when  transportation  of  such  fuel  from  the  seaport  was  necessary,  and 
continued  experimentation  demonstrated  that  stiU  further  saving 
could  be  made  by  improved  methods. 

EXAMPIiE  OF  FUEL  S  A  VINO  BY  BEDESIONINO  POWEB  PLANT. 

An  interesting  example  of  reduction  of  fuel  costs  is  furnished  by 
the  operation  of  the  Three  Friends  or  Seward  dredge.  This  dredge 
was  built  in  1908,  and  for  reasons  satisfactory  to  those  interested  in 
the  company,  was  equipped  with  shde-valve  engines  and  locomotive 
boilers.  The  coal  consumption  varied  from  12  to  17  tons  a  day  and 
the  cost  of  coal  delivered  to  the  dredge  was  $22  a  ton;  with  14  tons 
at  $22  as  the  average  consumption,  the  fuel  cost  was  $308  a  day. 
The  average  daily  capacity  of  the  dredge  was  2,000  cubic  yards,  so 
that  the  fuel  cost  was  15.4  cents  a  cubic  yard.  In  the  latter  part  of 
1912  oil  burners  were  installed  on  the  dredge  and  fuel  oil  costing  about 
$3  a  barrel  was  used  as  fuel.  This  change,  although  reducing  the  fuel 
cost  somewhat,  did  not  give  the  results  the  management  anticipated, 
some  days  as  high  as  60  barrels  of  oil  being  consumed.  The  writer 
pointed  out  "  the  folly  of  trying  to  do  anything  with  the  antiquated 
equipment,  but  it  was  not  until  1914  that  any  radical  change  was 
attempted.  The  entire  plant  was  redesigned.  Semi-Diesel  engines 
were  used  to  generate  electric  power  at  a  shore  plant  and  electric 
motors  were  used  on  the  dredge.  The  old  machinery  was  consigned 
to  the  rock  pile. 

Figures  of  operating  cost  of  the  new  plant,  furnished  by  the  manage- 
ment, are  as  follows: 

Operating  coat  of  Three  Friends  Dredge  for  24  hours,  1914* 

200  gallons  of  diBtHlate^  at  $0.18  at  power  plant |36. 00 

3  winchmen,  at  $7 21. 00 

3  oilers,  at  $5 15.00 

3  engineers,  at  $8 24. 00 

2  roustabouts,  at  $5 10. 00 

1  dredgemaster,  at  $15 15. 00 

1  bookkeeper,  at  $7.50 7. 50 

Icook 6.00 

1  mess 22. 00 

Oil,  lubricating 7. 60 

Repairs 15.00 

Total 179.00 

a  Janin,  Cbarles,  Gold  dredging  on  the  Seward  Penizuula:  Min.  and  Sd.  Press,  vol.  105,  Sept.  28, 191% 
pp.  394-389;  Gold  dredging  In  California:  Min.  and  Soi.  Press,  vol.  106,  Jan.  4, 1913,  pp.  G&-60. 
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A  point  that  was  not  at  first  realized  in  changing  the  power  equip- 
ment on  this  dredge  was  the  decrease  in  weight  resulting  from  replac- 
ing the  cumbersome  inefficient  steam  plant  with  electric  motors. 
The  change  permitted  the  dredge  to  work  without  digging  so  deeply 
into  bedrock,  thus  permitting  a  greatly  increased  yardage.  The 
yardage  handled  by  the  dredge  has  been  variously  estimated  at 
2,000  to  3;000  cubic  yards  a  day,  making  an  operating  cost  for  fuel 
used  of  approximately  1^  to  2  cents  a  yard. 

POWBB  COST  ON  TWO  BBBBOBS  ON  SEWARD  PENmSTTIiA. 

Two  dredges  recently  constructed  on  the  Seward  Peninsxda  and 
eqxiipped  with  entirely  different  power  arrangements  are  of  consider- 
able interest  in  showing  a  great  reduction  in  power  as  compared  to 
dredges  having  self-contained  power  plants  using  similar  fuel  in  the 
northern  field,  and  the  operation  of  these  dredges  should  be  carefully 
studied  by  anyone  contemplating  dredge  operation.  The  Berry  dredge 
waa  equipped  with  two  75-horsepower  Wolf  locomobile  engines  using 
wood  for  fueL  The  writer  has  obtained  the  following  figures  froifi 
the  operating  report  of  Gerald  Hutton,  dredge  superintendent  for  the 
company;  they  may  therefore  be  considered  authentic. 

Data  covering  operation  of  Berry  dredges  on  the  Seward  Peninsula,  Alaska. 
[Operating  days,  June  3  to  October  17;  closed  down  for  winter  and  for  thawing  groand.l 

Net  operating  time  (131  days — 100  per  cent), 

houiB 3, 144 

Total  lost  time  (25.7  per  cent),  hours 805 

Total  digging  time  (74.3  per  cent),  hoiUB 2, 339 

Total  depth  dn^,  feet 11. 9 

Total  yardage  handled,  cubic  yards 213, 355 

Total  yardage  handled  per  day,  cubic  yards 1, 628 

Total  wood  used,  corc^ 461. 35 


Total  cost  of  wood  used,  464.35  cords,  9 1  $10 $4, 643. 50 

Cost  of  getting  to  dredge 594. 37 

Wastage,  estimated 261. 89 


$5, 499. 75 


Total  cost  of  wood  per  cubic  yard,  cents 2. 57 

Total  operating  cost  per  cubic  yard,  cents 11. 24 

The  lubricants  used  throughout  the  season  were  as  follows: 

Luhricants  used  by  Berry  dredge  during  opercUing  season. 


Lubricant. 


Hecla  B.  cylinder  oil. 
Atlantic  red  oil 


Arctic  cap  erease 

Dixon  special  grease . 
Mica  gear  greaM 


Total  esnMose  for  the  season 

Total  hioricating  cost  per  day . . 

Total  cost  of  lubricating  engines 

per  day 


Total 

quantity 

used. 


GaUotu. 

84 
235 

Pound*. 
400 
100 
556 


Per  day. 


} 


QaUoru. 
0.64 
1.8 

Pound*. 

3.8 

2f 


Cost  for 
season.a 


{ 


S92.40 
141.00 

44.00 
16.55 
30.26 


324.21 
2.47 

1.78 


a  bichidiDg  freight  and  hauling.    The  consumption  of  lubricattaig  oil  on  the  engines  will  be  reduced  the 
fivosai  Meson,  as  the  oil  filter  was  not  received  until  fairly  late  in  the  season  under  consideration. 
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The  engines  gave  minimum  trouble,  but  experience  gained  in  their 
use  showed  the  advisability  of  having  on  hand  certain  duplicate 
parts  in  order  to  obviate  long  delay  from  any  breakage  that  might 
occur.  The  time  lost  by  the  digging  engine  was  4  hours  20  minutes, 
being  lost  principally  through  inspection  of  the  different  parts.  The 
time  lost  by  the  pump  engine  was  18  hours  55  minutes. 

The  key  holding  the  hoisting-pump  crosshead  to  the  piston  rod 
sheared  and  was  replaced  by  a  tool-steel  key,  which  gave  no  further 
trouble.  The  babbitt  bearing  of  the  hoisting-pump  became  hot  and 
melted,  probably  on  account  of  failure  of  the  oil  feed.  The  brasses 
were  replaced  by  spare  brasses  at  a  small  expense. 

Although  the  power  cost  on  this  dredge  is  high  as  compared  to  the 
cost  of  power  on  a  dredge  working  in  the  United  States  and  using 
electrical  current  costing  from  |  to  1^  cents  for  each  cubic  yard 
produced,  as  shown  in  the  chapter  on  operating  costs,  the  power 
cost  per  cubic  yard  is  a  remarkable  showing  for  a  self-contained 
4redge  in  the  northern  fields,  and  may  reasonably  be  compared  with 
the  stated  cost  of  the  Three  Friends  dredge,  as  the  figures  given  for 
that  dredge  are  to  be  considered  estimates  only. 

The  Bangor  Creek  dredge  operating  near  Nome  is  also  eqxdpped 
with  3i  cubic  feet  buckets.  Power  is  supplied  by  two  semi-Diesel 
Bolinder  engines  with  a  total  of  140  horsepower.  Oil  fuel  is  used,  a 
mixture  of  4  parts  16^  crude  and  1  part  48^  distillate.  It  is  stated 
that  the  average  consumption  of  this  oil  is  180  gallons  a  day,  and 
the  average  daily  yardage  handled  over  a  depth  of  30  feet  is  1,500 
cubic  yards. 

The  successful  work  of  recent  American  dredges  in  the  Philippine 
Islands  has  greatly  stimulated  the  dredging  industry  in  that  field. 
The  Guamos  dredge  uses  wood  for  fuel.  During  1913,  according  to 
the  annual  report  of  the  operating  company,  the  dredge  was  in  actual 
operation  for  5,731  hours  and  handled  814,500  cubic  yards  of  mate- 
rial. During  this  period  4,500  cords  of  wood  was  consumed,  costing 
$5  per  cord  delivered  on  the  dredge.  The  fuel  cost  per  cubic  yard 
thus  indicated  is  1.38  cents,  an  encouraging  figure  considering  the 
conditions  im.der  which  the  dredge  works. 

NOVEL  POWEB  PLANT  OF  PHILIPPINE  BBBDOE. 

A  radical  innovation  was  the  motive  power  designed  for  the  Mam- 
buloa  dredge  in  Ambos  Camarines  in  the  Philippines.^  A  steam 
ttirbo-generator  was  placed  on  the  dredge  to  provide  the  electric 
current,  being  the  first  instance  of  such  a  plant  being  used  for  gold 
dredging.  Although  no  reports  of  operation  are  yet  available,  this 
type  of  power  plant  has  been  successfully  used  on  the  United  States 
coOler  Jupiter.     The  dredge  plant  consists  of  a  300-hor8epower  wood- 

a  Janin,  Chailes,  New  Philippine  goid  dredges:  liinlng  Mag.,  London,  vol.  13,  Augost,  1915,  p.  8& 
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burning  boiler  with  condenser  and  a  625-kilowatt-ampere  (500  kilo- 
watts at  80  per  cent  power  factor)  turbo-generator  running  at  3,600 
revolutions  per  minute,  440-volt,  alternating-current  three-phase, 
6(k^7cle,  wi^  direct  connected  exciter.  The  main  drive  motor  is 
150  horsepower  with  reversible  speed  controller,  which  will  reduce 
full  speed  one-third.     The  other  motors  are  as  follows : 

Data  on  MambvXoa  dredge. 

Hoiwpoww. 

Main  winch 20 

High-preaeure  pump 120 

Low-pressure  pump 75 

Screen  drive 40 

Stacker 40 

In  addition  to  the  main  power  plant  there  is  an  auxiliary  steam 
engine  of  20  horsepower  which  can  operate  the  winch  and  move  the 
dredge  in  case  of  accident  to  the  turbo  generator,  during  a  storm  or 
other  emergency.  This  engine  is  used  for  lighting  the  dredge  when 
the  main  plant  is  shut  down,  and  can  also  be  used  to  take  the  place 
of  the  exciter  in  the  generator  shoidd  that  get  out  of  order. 

Of  interest  in  connection  with  this  dredge  is  the  fact  that  the 
water  for  the  boilers  comes  through  a  special  pipe  line  from  a  fresh- 
water spring  in  the  hills.  This  plan  was  adopted  to  obviate  the 
possibiUty  of  damage  from  salt  water  in  the  river,  which  caused 
serious  boiler  trouble  on  one  of  the  dredges  in  the  Paracale  district. 

A  dredge  of  this  type  is  expensive  in  first  cost,  as  the  plant  in- 
cludes not  only  an  electrically-driven  dredge,  but  also  a  separate 
power-plant  built  on  the  dredge  instead  of  the  usual  plant  on  shore. 
It  is  asserted  by  the  makers  that  the  operating  cost  is  less  imder  these 
conditions  than  with  a  separate  plant  on  shore,  as  all  operations  are 
under  the  direct  supervision  of  the  dredge  master,  and  only  the  one 
working  crew  is  necessary.  Should  a  second  dredge  be  built,  as  is 
contemplated  if  results  are  in  keeping  with  expectatipns,  the  power 
plant  may  be  moved  from  the  dredge  and  suitably  rearranged  on 
shore  for  two  dredges.  The  dredge  has  been  designed  with  this 
possibility  in  view,  and  for  this  reason  a  625-kilovoltampere  genera- 
tor, which  is  in  excess  of  present  requirements,  is  placed  on  the 
dredge.  Seemingly  another  boiler  is  to  be  added  to  the  shore  plant 
if  that  is  later  constructed.  Although  no  figures  of  operation  are 
yet  available,  details  will  be  awaited  with  interest  on  accoimt  of 
the  new  features  involved. 

Suction  gas  engines  have  been  tried  in  some  dredging  operations 
in  the  Federated  Malay  States,  but  such  figures  of  actual  results  as 
are  obtainable  would  indicate  that  this  type  of  power  as  applied  has 
not  proved  a  decided  success. 


BECLAHATIOV  OF  LAVD  AFTER  DEED&IVa  IS  CALIFOBHIA. 

HYDBATJLIC  MININQ  ENDED  BY  I^EOISLATION. 

The  regulation  of  hydraulic  mining  in  California  in  the  early 
eighties  practically  abolished  that  form  of  mining  in  the  State.  Cali- 
fornia had  previously  been  famous  for  its  hydraulic  mining,  and 
there  still  remain  enormous  gravel  deposits  that  could  be  profitably 
worked  by  hydraulic  methods  if  such  operations  were  permissible 
and  if  early  conditions  regarding  water  supply  still  remained. 

In  the  early  eighties  the  production  of  gold  from  hydraulic  mining 
was  about  $10,000,000  a  year.  After  injimctions  and  regulations 
had  been  imposed  the  production  dropped  to  less  than  $1,000,000  a 
year,  and  in  1915  only  $420,770  was  obtained  from  this  source.  It 
can  be  seen  that  at  present  hydraulic  mining  is  of  relatively  small 
importance  as  compared  to  dredge  mining,  which  has  to  its  credit 
over  $7,000,000  annually  smce  1909  and  about  $8,000,000  for  1915, 
a  'total  closely  approximating  $90,000,000  having  been  won  by  this 
form  of  mining  in  California  from  1898  to  January,  1917.  According 
to  a  review  of  hydrauhc  mining  by  the  Miners'  Association  in  1881, 
"California  has  produced  (1848-1880)  between  $1,100,000,000  and 
$1,200,000,000  of  gold,  of  which  very  much  the  larger  portion  has 
come  either  directly  or  indirectly  from  the  ancient  or  Pliocene  river 
channels.'' 

At  different  times  legislation  for  regulating  gold  dredging  has  been 
proposed,  not  only  to  prevent  the  accxmiulation  of  debris  from  the 
dredges,  but  to  prohibit  the  dredging  of  land  that  can  be  used  for 
agriculture.  An  act  of  Congress  dated  March  1,  1893,  provides  for 
the  establishment  of  the  California  D6bris  Conmussion,  to  consist  of 
three  officers  of  the  Army  Engineer  Corps.  The  main  work  of  the 
commission  in  later  years  has  comprised  efforts  to  improve  navigation 
and  to  control  flooding  of  the  rivers,  the  work  relating  to  mining 
being  regarded  of  minor  importance,  although  the  commission  prac- 
tically has  full  control  of  the  d6bris  situation.  An  excellent  sum- 
mary of  legislation  relating  to  mining  d6bris  is  given  by  Charles  Yale." 

DBEDOING  IN  CAUFOBNIA  NOT  XNIMIGAL  TO  AOBICUIiTXJBS. 

The  welfare  of  the  agricultural  interests  with  regard  to  any  damages 
or  inconveniences  resulting  from  dredge  mining  has  been  carfully 
looked  after  by  the  California  Anti-D6bris  Association,  a  protective 
organization  first  formed  in  the  early  seventies.     Committees  from 

a  Yale,  Charles  Q.,  Mining  debris  legislation:  Califoniia  Mines  and  Minerals,  souvenir  ed.,  Callfoniia 
Miners'  Association,  1899,  pp.  255-262. 
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the  association  have  on  different  occasions  investigated  conditions 
in  some  of  the  dredging  fields  of  the  State,  and  through  their  efforts 
a  number  of  abuses  have  been  corrected.  Stream  pollution  by  the 
dredges  has  been  considered  at  different  times,  and  if  the  spill  from  a 
dredge  was  foimd  flowing  into  a  river  remedial  measures  were  taken. 
The  dredge  men  in  certain  districts  have  for  years  been  impounding 
the  overflow  from  the  dredge  ponds,  and  have  spent  considerable 
money  in  preventing  this  water  from  flowing  into  rivers.  Most  of  the 
dredges  now  operating  in  California,  with  the  exception  of  those  in 
the  Tuba  River,  are  workiog  inland  and  not  in  the  river  beds  proper. 
They  are  not  therefore  obstructing  the  rivers  with  tailing  or  causing 
overflow  during  flood  times  with  resultant  damage  to  adjoining  land. 
A  few  years  ago,  a  committee  appointed  by  an  antidredge  convention 
reported  that  the  dredges  along  the  Yuba  and  American  Rivers, 
instead  of  sending  down  debris,  were  impoimding  considerable  sand 
and  keeping  it  from  going  into  the  streams. 

A  bill  under  consideration  by  the  California  legislature  in  1913  pro- 
posed a  basis  of  limitation  of  the  industry  more  severe  than  that  of 
damage  by  pollution  of  streams.  Its  purpose  was  to  prohibit  the 
dredging  of  any  land  that  could  be  used  for  agriculture.  This  agita- 
tion provoked  considerable  discussion,  and  a  paper  published  by  the 
writer  <*  was  given  wide  circulation  at  the  time.  A  number  of  excerpts 
are  taken  from  the  paper  for  this  chapter.  Fortunately  for  the  good 
of  the  State,  as  well  as  for  the  interests  actively  affected,  the  bill  was 
defeated.  A  similar  bill  was  introduced,  early  in  1915  but  was  with- 
drawn. It  is  probable  that  other  similar  biUs  will  be  introduced  in 
the  future. 

SIZE  OF  GAUFOBKIA  DBEDOINO  ABEAS. 

The  amount  of  land  attacked  by  the  bill  mentioned  was  not  great. 
Compared  to  the  total  area  of  arable  lands  in  the  State,  it  seems 
almost  infinitesimal.  At  present  there  is  probably  12,000  acres  of 
land  suitable  for  dredging  in  the  State,  and  only  about  2,500  acres  of 
this  could  be  classified  as  agricultural.  According  to  figures  of  the 
California  Development  Board,  there  is  28,000,000  acres  of  arable 
land  in  the  State,  and  if  dredging  of  2,500  acres  of  such  land  were 
projected,  it  will  be  seen  that  less  than  0.01  per  cent  of  the  total  area 
of  arable  land  would  be  involved.  The  distribution  of.  this  agricul- 
tural land  is  approximately  as  follows:  Butte  County,  400  acres; 
Yuba  County,  650  acres;  Sacramento  County,  1,200  acres;  Placer 
County,  100  acres;  Trinity  Coimty,  50  acres;  Stanislaus  County,  100 
acres;  total,  2,500  acres. 

a  Janin,  Cbarles,  Proposed  regulation  of  gold  dredging:  Min.  and  ScI.  Press,  vol.  106,  March  8, 1913, 

p.  an. 
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Nearly  one-half  of  the  total  agricultural  land  to  be  dredged  is 
owned  by  one  company,  the  Natomas  (Consolidated  of  California. 
The  loss  of  any  small  part  of  this  land  useful  for  agriculture  is  fully 
compensated  for  by  the  reclamation  department  of  the  company. 
The  project  will  bring  into  production  60,000  acres  of  overflow  land 
along  the  Sacramento  River  that,  when  fully  reclaimed,  will  add 
greatly  to  the  wealth  of  the  State.  It  must  also  be  considered  that 
most  of  this  overflow  land  was  idle  and  practically  worthless  before 
the  work  of  reclamation  was  begun,  and  that  it  would  probably  have 
been  idle  for  a  number  of  years  to  come  except  for  the  work  of  the 
Natomas  Consolidated,  made  possible  in  part  from  the  profits  result- 
ing from  gold  dredging.  At  present  much  of  this  land  has  been 
reclaimed  and  is  being  cultivated  for  grain,  beans,  rice,  and  alfalfa. 

COMPABATIVE  INCOME  FBOM  DBBBQINO. 

For  comparative  purposes  the  following  figures  may  be  of  interest. 
Assuming  that  there  is  12,000  acres  of  land  yet  to  be  dredged  in  the 
State,  and  that  the  average  depth  of  this  land  is  11  yards,  there 
would  be  an  average  of  53,240  cubic  yards,  or  in  round  figures  60,000 
cubic  yards,  of  material  to  the  acre.  The  average  operating  cost  of 
dredging  in  the  State  may  be  taken  as  5  cents  a  cubic  yard,  or  $2,500 
an  acre.  In  12,000  acres  there  woidd  be  distributed  $30,000,000  in 
labor  and  other  operating  costs.  The  average  gross  value  of  this 
material  may  be  taken  as  10  cents  a  yard.  Accordingly,  $60,000,000 
will  be  added  to  the  production  of  the  State  from  land  that  othervnse 
would  have  little  or  no  productive  value. 

Land  that  was  formerly  planted  in  vineyards  and  handled  as 
such  at  a  loss  has  been  dredged  at  a  profit  to  the  owner  and  to  the 
State.  In  one  area  of  several  hundred  acres  the  gross  amount 
reaUzed  from  grapes  averaged,  over  a  period  of  several  years  of 
careful  cultivation  and  attention,  about  $25.40  an  acre  per  year. 
The  net  profit  was  less  than  $10  an  acre  for  any  one  year  and  some 
years  the  property  was  cultivated  at  a  loss.  The  gross  recovery  on 
such  of  this  "vineyard^'  land  as  has  been  dredged  has  averaged 
$2,930  an  acre.  Although  these  figures  can  not  be  appUed  to  all 
vineyards,  the  gold  produced  from  dredging  such  land  may  be  regarded 
as  added  to  the  permanent  wealth  of  the  State,  whereas  the  crops 
from  the  vineyard  can  hardly  be  regarded  in  any  such  light. 

Most  of  the  land  that  has  been  dredged  in  the  State  was  originally 
imsuitable  for  either  horticulture  or  agriculture.  A  considerable 
part  of  the  dredging  land  was  previously  mined  by  methods  in  use 
prior  to  the  development  of  gold  dredges,  and  the  condition  of  most 
of  this  land  was  such  as  to  make  it  useless  for  any  other  purpose. 
Open  or  partly  caved  shafts  and  pits,  old  dumps  and  heaps  of  stones 
were  everywhere,  and  practically  the  only  vegetation  was  a  few 
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scrubby  trees.  The  area  of  orchards  and  vineyards  already  dredged 
is  probably  not  more  than  2,500  acres;  most  of  this  is  around  Oro- 
Yille.  The  loss  resulting  from  destroying  these  orchards  and  vine* 
yards,  some  of  which  had  already  been  attacked  by  the  phylloxers, 
can  not  be  considered  great.  Though  there  are  exceptional  in- 
stances, it  may  be  said  that  few  of  these  orchards  and  Vineyards  re- 
turned much  of  a  profit  to  their  owners  prior  to  dredging. 

The  removal  of  the  tailing  for  use  in  the  rock-crushing  plants  is 
a  step  toward  the  ultimate  reclamation  of  that  land.  After  the 
larger  stones  have  been  removed  from  the  ground  at  Natoma,  experi- 
ments have  been  made  in  planting  oUve  and  eucalyptus  trees  without 
any  further  treatm^it  than  the  addition  of  a  shovelful  of  loam  aroimd 
the  roots  of  the  trees  as  they  are  put  in  place.  Although  only  a  few 
acres  have  been  planted  in  this  way,  enough  has  been  done  to  demon- 
strate the  feasibility  of  the  plan  and  to  give  ample  evidence  of  the 
fertility  of  this  part  of  dredged  ground.  Successful  experiments  in 
planting  trees  and  grape  vines  in  the  dredge  tailing  have  been  made 
at  Oroville.  Much  of  the  success  of  the  experiments  was  due  to  the 
abundance  of  day  present,  which  added  greatly  to  the  fertility  of 
the  tailing.  The  results  show  that  the  ground  after  dredging  is  not 
so  worthless  as  was  at  first  supposed.  The  results  of  these  experi- 
ments have  already  been  published  elsewhere.^ 

BESOIUKO  METHODS  TBIEB. 

Numerous  methods  for  resoihng  behind  the  dredge  have  been 
suggested  and  some  have  been  given  thorough  trial.  One  of  these, 
obviously  impracticable,  entailed  the  use  of  a  telescopic  dredge 
ladder.  Another  suggestion  was  to  use  a  dredge  with  two  bucket 
lines,  one  to  work  on  the  gravel  and  the  other  to  work  simultaneously 
on  the  overburden.  A  somewhat  more  practical  suggestion  is  to 
use  an  independent  stripping  plant  to  work  in  advance  of  the  dredge. 
However,  this  method  involves  great  expense  in  the  handling  of  the 
material  in  front  of  the  dredge  and  delivering  it  on  the  worked 
ground  behind.  The  cost  of  reclaiming  land  by  such  a  method  would 
probably  greatly  exceed  the  value  of  the  land. 

With  the  Australian  pump  dredge  *  the  material  could  be  worked 
in  sections  and  deUvered  advantageously  to  different  places,  but 
the  working  cost  would  dosdy  approximate  25  cents  a  yard,  an 
excessive  cost  on  any  ground  being  dredged  in  the  United  States. 

Attempts  to  reclaim  or  resoil  land  during  dredging  operations 
have  not  so  far  been  carried  on  to  any  great  extent  in  California. 
Hurst  *  describes  a  resoiling  device  on  a  small  dredge  near  Loomis. 

a  Editorial.   Min.  and  Sd.  Press,  vol.  105,  Oct.  30, 1912,  p.  Ml. 

&  I&nin,  Charln,  An  Australian  pomp  dredge:  liin.  and  Sd.  Press,  vol.  103,  Nov.  11, 1911,  p.  614. 

« Hunt,  G.  L.,  BodUog  after  dredging  in  California:  Min.  and  Sd.  Press,  vol.  107,  Nov.  8,  1913,  pp. 
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The  ground  worked  was  only  12  to  15  feet  deep  and  averaged  about 
75  per  cent  of  fine  material,  about  2  feet  being  top  soil.  The 
principle  employed  was  to  increase  the  height  of  the  upper  tumbler 
above  the  deck  to  give  greater  clearance  to  the  tail  sluices.  The 
material  from  the  tables  passed  to  three  tail  sluices,  one  on  each  side 
and  one  in  the  center,  the  center  sluice  passii^  20  feet  beyond  the 
side  sluices.  The  conveyor  stacker  was  eUminated  and  the  over- 
size from  the  screen  feU  on  a  small  grizzly,  the  smaller  material 
going  to  the  central  sluices  and  the  coarser  to  the  side  sluices.  The 
reclamation  of  this  groimd  presented  no  unusual  difiiculties  and  a 
total  of  about  50  acres  was  resoiled  and  planted,  but  the  device  used 
would  not  prove  satisfactory  on  much  deeper  and  coarser  gravel. 

With  the  exceptions  mentioned  and  a  few  attempts  on  Butte 
Creek  in  Butte  County  no  determined  effort  has  been  made  in  the 
past  to  reclaim  dredging  land,  although  considerable  thought  has 
been  given  the  matter  at  times  by  different  dredging  operators,  and 
various  plans  for  the  reclamation  of  land  already  dredged  has  been 
proposed. 

In  addition  to  the  gold  recovered  from  the  gravel,  the  reclamation 
of  the  land  for  agriculture  might  be  a  considerable  factor  in  estimating 
the  total  profit  to  be  won  from  the  use  of  a  mammoth  dredge  for  this 
class  of  work.  The  first  dredges,  in  turning  over  the  ground,  neces- 
sarily deposited  the  top  soil  on  the  bottom  under  the  gravel  and  bowl- 
ders from  the  tailing  stacker.  After  the  greater  part  of  the  coarser 
gravel  has  been  removed  for  use  as  crushed  rock,  with  some  such 
arrangement  as  that  being  tried  in  New  Zealand  (PI.  LXIII  A)  in 
resoiling  experiments,  this  soil  now  below  the  gravel  could  be  largely 
redeposited  on  the  top  of  the  coarser  material  in  resoiling.  Any 
estimate  of  the  operating  cost  of  a  dredge  of  this  character  is,  of 
course,  pure  speculation,  but  there  seems  every  reason  to  expect 
that,  under  favorable  conditions,  this  cost  would  be  low. 

In  the  Oroville  field  work,  some  encouraging  recoveries  have  occa- 
sionally been  made,  when  a  dredge  moving  to  a  new  location  has 
redredged  tailing.  These  in  general  are  due  to  inefficient  washing  of 
the  ground  in  the  first  instance,  or  to  the  dredge  digging  in  a  part  of 
the  bedrock  section  that  had  been  passed  over  in  the  first  dredging. 
However  few  dredge  operators  think  that  this  land  can  be  redredged 
at  a  profit,  although  a  much  lower  operating  cost  has  been  shown  by 
the  dredges  when  working  through  tailing.  Unquestionably  this  ma- 
terial can  be  handled  much  easier  than  groimd  that  has  never  been 
dredged,  especially  in  certain  sections  of  Oroville  where  the  gravel 
is  cemented. 


.    SLUICE  BOX  AND  SOIL  CHLTTE  OF   HINNOMUNJE  DReDQE.  OMECO,  NEW  ZEALAND. 


B.    TAIUNG  DISTRIBUTOR  ON  NATOMA  NO,  4  DREDGE. 
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LAND  BBCLAMATION  DEMANDS  DBBDGB  CHANGES. 

To  reclaim  land  while  the  dredge  is  at  work  it  is  necessary  to  make 
some  radical  changes  in  the  distributing  end  of  the  dredge,  which  as 
has  been  stated,  is  not  difficult  when  shallow  land  is  to  be  dredged. 
In  land  with  a  deposit  of  20  feet  or  more,  the  problem  is  not  so  easy. 
Considerable  thought  has  been  given  to  this  matter  by  the  engineers 
of  the  Natomas  company  and  a  dredge  has  recently  been  built  em- 
bodying their  ideas  to  solve  the  problem  of  replacing  the  soil  behind 
the  dredge  in  suitable  condition  for  farming.  In  order  to  get  sufficient 
clearance  for  the  tail  sluices  all  the  machinery  is  raised  about  6  feet 
higher  than  usual.  To  obtain  a  more  even  distribution  of  the  coarse 
material  two  tailiug  stackers  are  fed  from  a  double  hopper  arranged  at 
the  end  of  the  revolving  screen  to  divide  equally  the  material  sup- 
plied each.  The  dredge  is  equipped  with  double-deck  tables  and 
tail  sluices  which  are  set  much  closer  than  usual,  a  number  of  sluices 
on  the  lowei'tables  being  omitted  in  order  to  allow  room  for  cleaning 
up,  etc.  The  double  tailing-stackers  which  are  shorter  than  usual, 
being  56  feet  long  with  an  elevation  of  1  inch  in  12  inches  as  com- 
pared to  the  usual  stacker  inclination  of  18®  (or  3.7  inches  in  12 
inches)  are  mounted  on  swivels,  as  are  also  the  side  sluices.  It  is  not 
expected  to  swing  these  tailing  distributors  from  side  operation>  as 
the  swing  of  the  dredge  will  provide  for  lateral  distribution.  The 
swivel  arrangement  is  used  only  to  insure  horizontal  adjustment 
for  these  distributors  under  different  conditions  of  operation.  Plate 
LXIII,  By  shows  the  tailing  distribution  of  this  dredge  at  work. 

The  dredge  started  work  in  January,  1916,  and  operations  are 
being  watched  with  interest.  A  number  of  changes  have  been  made 
since  the  dredge  first  started  work  when  it  was  foimd  the  arrange- 
ments originally  planned  were  not  successful,  and  after  the  problem 
of  recoiling  is  effectively  solved  similar  arrangements  wiU  be  adopted 
on  No.  1  dredge  when  that  boat  is  rebuilt.  The  land  that  is  to  be 
dredged  is  20  to  40  feet  deep  and  a  great  part  of  it  is  planted  to  vine- 
yard. If  an  extra  cost  of  one-haK  cent  a  yard  is  caused  by  experi- 
mentation, special  equipment,  and  operation,  and  assuming  that  the 
ground  to  be  dredged  will  average  40,000  yards  to  the  acre,  an  extra 
cost  of  $200  an  acre  will  be  incurred.  After  the  problem  of  reselling 
coincidental  with  dredging  has  been  solved,  the  extra  cost  involved 
will  be  small  but  at  present  the  Natomas  company,  working  for  the 
best  interests  of  the  State,  is  going  to  considerable  more  expense  than 
could  be  borne  by  a  smaller  company. 

14520— la—BuU.  127 14 


FTTrnSE  OF  DBEDGIHG. 


« 


The  highest  point  of  production  for  the  gold-dredging  industry  in 
the  United  States  has  been  reached^  and  during  the  next  few  years  a 
marked  falling  off  in  gold  production  from  dredging  operations  may 
be  expected.  The  success  attending  the  flotation  of  the  lai^er  dredg- 
ing companies  proved  an  incentive  for  explorations  and  examina- 
tions in  various  States,  and  all  land  thought  attractive  for  dredging 
was  soon  taken.  The  problem  of  finding  suitable  ground  for  dredging 
is  diOicult;  although  with  the  great  improvements  made  in  dredging 
machinery  and  the  resultant  reduction  in  operating  costs,  it  is  obvious 
that  gravel  beyond  the  possibility  of  economic  dredging  under  early 
conditions  could  now  be  profitably  handled.  This  is  shown  by  the 
operations  of  nearly  all  the  large  dredging  companies  whose  available 
dredging  ground  has  been  greatly  increased  as  working  costs  have 
been  reduced. 

A  fact  that  also  draws  attention  to  areas  once  considered  unprofit- 
able is  that  the  life  of  some  of  the  successful  dredging  companies  is 
drawing  to  a  close;  that  is,  the  land  for  the  working  of  which  the 
companies  were  originally  formed  is  being  rapidly  worked  out.  Sev- 
eral of  these  companies  are  realizing  that  their  ground  is  nearly 
exhausted  and  that  they  have  some  dredges  in  good  condition,  fit 
for  some  years  of  operation.  What  is  probably  more  important, 
they  also  realize  that  they  have  also  well-organized  working  forces, 
valuable  experience  in  dredging  matters,  money  in  the  treasury,  and 
the  confidence  of  shareholders. 

Aside  from  such  influences,  there  is  no  question  that  under  favor- 
able conditions  areas  that  were  once  considered  tmsuitable  for  eco- 
nomic dredging  can  now,  with  improved  methods,  be  profitably 
handled.  The  possibilities  of  reclamation  of  dredged  land  may 
prove  important  in  estimating  the  profits  to  be  won  from  dredging 
areas  in  California.  The  success  attending  the  efforts  of  some  experi- 
ments in  this  direction  in  a  small  way  has  greatly  broadened  the 
expectations  for  the  future  of  what  was,  until  recently,  considered 
worthless  land.  A  more  liberal  attitude  on  the  part  of  the  agricul- 
turists and  arrangements  permittir^  the  modification  of  some  of 
the  rulings  of  the  Debris  Commission  in  California  woidd  open  to  the 
dredging  industry  areas  that  are  at  present  closed. 

FEASIBILITY  OF  REDREDQINQ  CERTAIN  AREAS. 

The  possibility  of  redredging  some  of  the  tailings  from  the  early 
dredges  at  Oroville,  partly  with  the  idea  of  reclaiming  lands  that 
would  command  a  fair  market,  is  occasionally  discussed  in  the  non- 
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techmcal  press.  This  proposal  has  not  met  with  any  enthusiasm 
among  the  conservative  operators,  but  it  should  be  realized  that 
the  greater  improvements  in  the  dredging  industry  are  not  due  to 
the  most  conservative  men;  one  must  be  optimistic  to  imdertake 
new  methods.  The  reclamation  of  ground  after  dredging  is  discussed 
in  a  previous  chapter.  Altogether  it  seems  probable  that  dredging 
enterprises  will  continue  in  Cahfornia  for  some  years  to  come,  although 
the  amount  of  gold  won  from  dredging  operations  in  the  State  was 
at  its  peak  in  1913.  During  1915-16  there  have  been  a  number  of 
new  dredges  planned  and  at  the  time  this  is  written  there  are  nine 
new  dredges  either  under  construction  or  projected  for  the  California 
fields  alone.  Four  of  these  are  16-foot  boats,  three  9-foot,  and  two 
are  old  dredges  being  moved  to  new  locations.  The  writer  pointed 
out  in  a  paper  read  before  the  San  Francisco  meeting  of  the  Ameri- 
can Institute  of  Mining  Engineers  in  California,  1911,^  that  dredges 
of  even  larger  capacity  than  those  now  in  use  for  gold  dredges  had 
been  considered  in  the  reclamation  of  dredged  areas.  The  following 
extract  from  the  paper  is  pertinent: 

With  the  development  of  the  gold  dredge  to  its  present  efficiency,  the  question  is 
often  raised  as  to  when  the  limit  in  size  for  economic  dredge  installation  will  be 
reached.  Much  depends  upon  the  conditions  met  in  operation.  There  is  no  ques- 
tion as  to  the  mechanical  possibility  of  larger  buckets.  In  Boston  harbor  a  bucket- 
elevator  dredge  equipped  with  buckets  of  2  cubic-yard  capacity  has  been  success- 
fully operating  for  some  years  on  harbor  work,  and  on  the  Danube  Kiver  in  Germany 
a  bucket-elevator  dredge  having  2.5  cubic-yard  buckets  is  now  in  operation.  While 
the  mechanical  possibilities  have  thus  been  proved,  to  apply  such  radical  changes 
in  size  to  the  gold  dredge  of  to-day  would  necessitate  an  entirely  different  arrange- 
ment of  the  gold-saving  tables  and  would  probably  result  in  a  general  modification 
of  the  whole  gravel-washing  apparatus  now  in  use.  Even  the  most  optimistic  advo- 
cates for  increasing  the  size  of  the  dredge  buckets  would  hesitate  at  recommending 
a  2  Cubic  yard  bucket,  which  is  nearly  four  times  the  present  size  of  the  buckets  on 
the  largest  gold  dredges  in  operation,  but  there  are  a  number  of  engineers  who  believe 
that  the  bucket-elevator  dredge  with  buckets  having  a  capacity  of  1  cubic  yard  will 
be  constructed  before  long.  While  a  dredge  of  this  character  would  necessarily  be 
equipped  with  heavier  machinery  and  a  larger  hull  than  those  on  the  present  15 
cubic-foot  boats,  it  is,  as  before  stated,  quite  possible  that,  with  modifications  of  the 
washing  apparatus,  the  hull  of  the  1  cubic-foot  dredge  may  not  be  proportionately 
larger.  The  present  15  cubic-foot  boats  have  a  hull  60  by  150  by  12.5  feet,  with  a 
deck  overhang  of  5  feet  on  either  side,  making  a  total  width  of  70  feet.  The  gold- 
aaving  tables  are  of  the  double-bank  type  and  have  an  approximate  area  of  7,000  to 
8,000  square  feet.  Without  some  change  in  the  washing  apparatus,  it  can  readily  be 
Been  that  14,000  square  feet  of  table  area  Would  necessitate  a  hull  of  greatly  increased 
size,  or  additional  tiers  of  tables,  for  which  an  increased  length  of  bucket  ladder 
would  be  required  to  elevate  the  gravel  to  the  additional  height,  or  a  general  change 
in  the  design  of  the  boat.  Practice  has  demonstrated  that  when  digging  free-washing 
gravel  the  table  area  of  the  15-foot  boats  is  considerably  in  excess  of  all  requirements, 
and  some  operators  contend  that  it  would  not  be  necessary  to  proportionally  increase 
the  table  area  when  buckets  of  1  cubic-yard  capacity  are  constructed. 

•  Jaolii,  Cbaries,  Present-day  problems  in  Califomift  gold-dredging:  Trans.  Am.  Inst.  Min.  Engrs.,  vol. 
42,1912,pp.866-«33. 
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There  may  be  a  field  for  dredges  of  this  size,  for  instance,  in  the  Oroville  and  Folsom 
fields,  to  redredge  the  tailing  piles  left  from  the  first  dredging  operations.  After 
many  of  the  cobbles  have  been  removed  for  the  rock-crushing  plants,  the  ground,  if 
dredged,  will,  in  many  cases,  yield  a  fair  return.  Especially  would  this  be  the  case 
in  the  areas  where  the  early  dredges  worked,  as  the  gold-saving  apparatus  of  the  first 
succeaaful  dredges  was  not  as  efiicient  as  that  in  present  use. 

ALASKA  FIELDS  PROMISINa. 

In  Alaska  the  success  attending  the  operations  of  some  of  the 
dredges  recently  built  there  has  greatly  widened  the  field  for  the 
dredge-construction  companies.  Previously  the  demand  has  been 
for  small  dredges,  especially  on  the  Seward  peninsula,  but  the  suc- 
cessful operation  of  the  large  dredges  of  the  Canadian  Klondike 
Co.  on  the  Yukon,  and  the  Bonanza  Creek  operations  of  the  Yukon 
Gold  Co.  have  encouraged  investigation  of  areas  in  other  parts  of 
the  northern  field.  Unfortxmately,  many  of  the  dredges  built  in 
Alaska  have  been  constructed  prior  to  adequate  prospecting  of  the 
ground  they  were  to  work.  Failure  to  sample  a  dredging  property 
until  the  dredge  has  been  bxiilt,  when  '4arge  practical  samples"  can 
be  taken,  is  almost  to  invite  loss.  Although  the  dredge  may  prove 
a  success  mechanically,  the  company  is  generally  doomed  to  eco- 
nomic disaster  unless  more  favored  with  good  luck  than  good  judg- 
ment. 

Besides  the  possibility  of  new  dredging  enterprises  in  California 
and  Alaska,  the  attention  of  dredge  operators  is  being  attracted  to 
areas  in  other  western  States  where  the  gold  content  has  previously 
been  considered  too  low.  The  diflSculties  surmounted  in  dredging 
operations  in  California,  Montana,  Colorado,  and  other  fields,  and 
the  low  working  costs  obtained  in  these  fields  and  in  Idaho,  open 
possibilities  unthought  of  a  few  years  ago. 

DBBDaiNQ  OTTTLOOE:  IN  OTHER  COUITTBIES. 

In  addition  to  the  possibilities  in  the  United  States  and  Alaska, 
considerable  attention  has  been  given  to  foreign  fields.  Chief 
among  the  countries  being  considered  are  Russia,  including  Siberia; 
South  America,  principally  meaning  Colombia;  and  the  federated 
Malay  states.  The  success  attending  the  work  of  some  Russian 
dredges  and  the  purchase  early  in  1916  of  three  American  dredges 
for  the  Russian  field  has  stimulated  inquiry  into  the  possible  open- 
ings for  American  capital  in  dredging  projects  in  that  field.  It  is 
rumored  that  the  Russian  Government  has  considered  the  advis- 
ability not  only  of  taking  off  the  high  duty  heretofore  imposed  on 
machinery  for  gold  mining,  but  also  of  subsidizing  to  some  extent 
gold-mining  companies;  such  procedure .  would  undoubtedly  stim- 
ulate investigations  of  dredging  areas  in  that  country.  In  new 
enterprises  in  Russia  or  Siberia,  it  will  be  found  advisable  to  have 
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the  assistance  of  influential  Bussians.  It  is  held  by  engineers  quali- 
fied to  pass  an  opinion  that  in  Russia  and  Siberia^  so  far  as  operating 
conditions  are  concerned,  there  are  a  number  of  areas  of  gravel  that 
can  be  profitably  dredged,  and  the  examination  of  some  of  these 
fields  may  result  in  more  dredges  being  erected  in  the  near  future. 
A  pertinent  point  in  this  connection  is  that  the  Russian  peasant  in 
some  localities  makes  a  really  first-class  mechanic,  so  that  it  is  not 
necessary  for  a  foreign  dredging  company  to  import  expensive 
laborers  for  all  positions  on  a  dredge.  Conditions  of  operation  in 
Russia  and  Siberia,  aside  from  taxes  and  government  regulations, 
are  very  similar  to  those  in  the  Yukon  and  Alaska,  and  operating 
costs  should,  under  ordinary  conditions,  be  closely  similar.  The 
success  made  by  the  gas,  oil,  and  wood  engines  in  Alaska,  described 
elsewhere,  should  encourage  dredge  installations  in  localities  where 
electric  power  is  not  obtainable. 

There  are  undoubtedly  in  Colombia  and  other  South  American 
countries  areas  that  offer  promising  returns  from  dredging  operations. 
A  number  of  investigations  have  been  made  in  some  of  the  countries 
in  the  interest  of  American  capital,  but  the  difficulties  of  transporta- 
tion, of  climate,  and  of  procuring  sufficient  cheap  power  have  proved 
somewhat  discouraging.  Here  also  some  of  the  improvements  in 
power  arrangements  for  the  self-contained  dredge  will  be  worth  con- 
sideration. 

In  the  Philippines  the  success  of  the  Guamos  dredge  has  encouraged 
other  operations  and  an  American  dredge  built  in  1914  for  the 
Mambulao  Dredging  Co.  embodies  some  striking  innovations  for 
generating  power  on  board  the  dredge.  This  dredge  is  described 
elsewhere  (see  p.  196)  the  results  of  its  operation  are  awaited  with 
interest. 

An  American  dredge  was  constructed  for  the  Chiksan  Mining 
Co.  in  Korea  during  the  latter  part  of  1916.  Its  success  wUl  do 
much  to  encourage  further  dredge  installation  on  the  Orient,  In 
Portugal  a  dredge  biult  under  plans  of  an  American  dredge-con- 
struction company  for  American  capitalists  is  being  operated  in  tin 
deposits,  and  its  success  has  awakened  interest  in  tin  dredging.  In 
1915-16,  several  orders  for  new  dredges  for  the  Malay  field  were  placed 
with  American  dredge-construction  companies,  and  this  field  offers 
considerable  promise  to  the  wide-awake  constructor. 

Although  there  is  room  for  considerable  improvement  in  the  gold 
dredge,  the  wasteful  and  inefficient  methods  usually  employed  on  tin 
dredges  should  give  our  dredge-construction  engineers  a  splendid 
opportunity  for  increasing  the  recovery.  The  profits  made  by  some 
of  the  tin  dredges  have  been  large,  and  doubtless  no  necessity  has  yet 
been  felt  for  inquiring  closely  into  methods  for  decreasing  the  loss 
in  the  dredge  tailing.     It  is  when  low-grade  material  is  handled  that 
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metallurgical  methods  are  improved.  It  is  probable  that  American 
operators  will  be  offered  more  or  less  attractive  opportunities  to 
participate  in  some  of  these  tin-dredging  projects  in  the  near  future. 
Altogether  the  possibilities  of  successful  dredging  operations  in  some 
of  the  foreign  countries  mentioned  seem  to  be  attractive. 

SUCCESSFUL     DBEDQINQ     OPERATIONS     DEMAND    COMPETENT 


In  making  investments  in  dredging  enterprises  in  foreign  coim tries, 
as  elsewhere,  much  money  may  be  saved  if  prospective  investors  will 
insist  on  having  reports  by  experienced  engineers.  With  the  draw- 
backs of  operating  in  foreign  countries,  together  with  unusual  govem- 
mentregulations,  andotherdisadvantagesincident  to  dredge  workaway 
from  home,  possible  dredging  areas  in  the  United  States,  though  of 
lower  grade  than  some  that  are  being  at  present  worked,  and  of  much 
lower  gold  content  than  is  necessary  for  profitable  operation  in  foreign 
countries,  will  probably  be  more  attractive  to  conservative  investors 
than  the  foreign  fields.  Many  investors,  however,  wiU  be  attracted 
by  the  higher  gold  content  claimed  for  the  gravels  in  foreign  fields, 
and  some  operators,  acting  on  the  reports  of  competent  engineers,  will 
risk  enterprises  in  foreign  countries,  and,  profiting  by  their  knowledge 
of  the  industry,  will  build  suitable  dredges  and  will  realize  large 
returns  on  the  initial  investments. 

Close  estimates  of  the  possible  profits  from  gold-dredging  projects 
can  be  made,  but  oonfpetent  experts  must  have  charge  of  the  details 
of  examination  and  prospecting  and  the  development  operations 
must  be  under  the  direction  of  efficient  management,  which  entails 
competent  engineering  advice. 


LIST  OF  DBEDOnrO  OPEBATIOVS. 

A  fairly  complete  list  of  dredging  operations  throughout  the  world 
follows.  The  list  does  not  include  Australian,  New  Zealand;  nor  most 
Siberian  dredges.  In  a  table  of  this  kind  full  credit  cannot  always 
be  given  the  makers,  as,  for  instance,  reconstructed  dredges  and 
dredges  that  were  constructed  by  one  company  and  part  of  the 
machinery  is  furnished  by  another. 

Incomplete  list  of  all  dredging  openUiona.^ 
[Not  inchislve  of  Australian,  New  Zealand,  nor  most  Siberian  dredges.] 


Name  of  company. 


Alaska  Gold  Dred^ng  Co 

Alsska-Koogarok  Dredging  Co, 
Alta  Bert  Oold  Dredging  Co.. . 
American  Gold  Dredging  Co ... . 

Do 

American  Placer  Mining  Co 

American  Tin  Co 

Amor  Odd  Mining  Co 


Headquarters. 


Anderson.  Andy 

AndradalfinesCLtd.) 


Anglo  Alaskan  Gold  Dredging 

Co. 

Arctic  Gold  Dred^g  Co 

Bangor  Dredging  Co 

Behring  Dredge  Co 

Berry  J)red£lng  Co.,  C.  J 

Bloe  Goose  Mining  Co 

BohannoD  Dredgmg  Co 

Borden  Co..  Ivy  L 

Boston  &  Idaho  Gold  Dredging 

Co. 
Bourbon  Dredge 


Budd  Creek  Gold  Dredging  Co. 

Butte  Di«dgtng  Co 

Canadian  Klondike  Mining  Co. 
(Ltd.). 

Do , 

Do 

Do 

Candle  Creek  H^ibig  Co 

C^aadepaga   Gold   Mining   & 
Dredging  Co. 

Cie.  des  Mmes  de  la  Faleme. . . 

Chestate  Dredgt^  Co 

Chiksan  Mining  Co 


Com 


xniaaiie 
tarau. 


Fiancaise  du  Ma- 


Conrey  Placer  Mining  Co. 

Do 

Do 

Do. 


Deerins  Dred^ng  ^Ie  Mining  Co. 
D«Ry  Bench  Gold  Dredging  Co 

El  Oro  Dredging  Co 

Empire  GoldDreddng  Co 

Ernst  Alaska  Gold  DrMghigCo. 

Federal  Mines  Co. 

Flodin  Gold  Mining  &  Dredg- 
ing Co. 

Flmne  Dredge  Co 

^l>o 

fTMse  Dredging  Co 

Fiwch  Qn]£l>redglng  Co. . . . . 


Cocmcil,  Alaska 

Nome,  Alaska 

Trinity  Center,  Cal.. 

Nome,  Alaska. 

do 

Spokane,  Wash 

San  Fnmcisoo,  Cal. . 
BlagoTes  tensk, 
Siberia. 

Nome,  Alaska 

London 


Nome,  Alaska. 


do 

do 

do 

Circle,  Alaska 

Council,  Alaska 

Salmon,  Idaho 

San  Francisco,  Cal. 
Idaho  City,  Idaho. 

Nome,  Alaska 


do 

San  Francisco,  Cal. 
Dawson,  Alaska... , 

.....do. 


do 

do 

Candle,  AJaska 

Solomon,  Alaska. 


Paris,  Franoe... 
Gainesville;  Ga. 
Chiksan,  Korea. 


Cayenne,  France.. 
Rubv,  Mont 


do 

do 

Deering.  Alaska. 
Leadville,Calo.. 


do 

John  Day,  Oreg. 
Nmne,  AJaska. . . 
Pitting,  Nev.... 
Chicago,  111 


Nome,  Alaska 

do 

....do 

Breckenridge,  Cal. 


Situation  of  dredge. 


Council,  Alaska 

Kougarok  River 

Trinity  Center,  Cal. 

York,  Alaska 

do 

Piwoe,  Idaho 

York,  Alaska 

Kharga  River 


Make  of  dredge. 


Center  Creek 

Macequece,    Portu- 
guese East  Africa. 
Nome,  Alaska. 


Hobson  Creek 

Bangor  Creek 

Teller  Creek 

Mammoth  Creek 

Ophir,  Alaska 

Salmon,  Idaho 

Jenny  Lind,  Cal 

Idaho  City,  Idaho.. 

(See  Nome  Holding 
Co.) 

Budd  Creek 

Jenny  Ltnd,  Cal 

Dawson,  Alaska 


do 

,....do 

do 

Candle  Creek 

Casadepaga  River. 


Senegambia 

Gainesville,  Ga . 
Chiksan,  Korea. 

French  Guiana.. 


Rubv,  Mont.... 

.y/.'.do'.'.'.'.v.'.'.y. 

do 

Deering,  Alaska. 
Malta,  Colo 


Special 

do 

Union  Con. 
American . . 

do 

Risdon 


Yreka.CaI 

John  Day 

Nome,  Alaska 

Unionville.  Nev. 
Solomon,  Alaska. 


Ophir  Creek 

Crooked  Creek 

Nome,  Alaska 

Breckenridge,  Cal. . . 


Conrad. 


Union... 
Bucyrus. 

Special.. 


Union  Con. 

do 

do 

do 


Reconstructed. 

Special 

Bucyrus 

Yuba 


Special. 

do.. 

Marion. 


do. 

do. 

do. 

Union.. 
Special. 


Lobnits 

Bucyrus 

New  York  En- 


^neering. 
obi 


Lobnits 


Marion 

do 

do 

do 

Special 

New  York  En- 
gineering. 

Special 

Steam  Rodgers. 

Special 

do 

do 


Straub.. 

do... 

Special.. 
Bucyrus. 


Bucket 
capacity. 


Cu.  fed. 
7 
8 


e  Based  on  list  from  Eng.  and  Min.  World,  Jan.  6, 1910. 


II 


3: 

I 

6 
6 
6 


3 

?l 

16 
16 
16 

7 

^ 

10 
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Incomplete  list  of  dredging  operations — Continued. 


Name  of  company. 


Oardella,  Lawrence. 
Do 


Oumaos  Placer  Co 

Hastings  Creek  Dredging  Co. . . 
Holyoke  Gold  Dredgmg  Co... . 

Idaho  Power  Co 

Immachuck  Dredging  Co 

Isabel  Odd  Dred^ig  Co 


Johnson,  Iver 

Julien  Gold  MinJng  &  Dredg- 
ing Co. 

KelUher  Dredging  Co 

Elentucky  Ranch  Gold  Dredg- 
ing Co. 

Kimball  Dredging  Co 

Kirtley  Creek  Gold  Dredging 
Co. 

Engmk  Dredge  (see  Iver  John- 
son). 

La  Gran|»  Gold  Dredging  Co. . 

Lincoln  Dredge 


Lubbe  Gold  Dredging  Co 

Malaguit  Dredging  Co 

Malayan  Tin  Dredging  (Ltd.).. 

Do!!!!!!!!!!!;;;;;;!;;!!"; 
Do 

Mambuloa  Placer  Co 


l£arysvlll< 


e  Dredging  Ck>. 


0. 

Do. 


Iferced  Dredgine  &  Mining  Co. 
Natomas  Consolidated  of  Cali- 
fornia (Feather  River). 

Do 

Do 

Natomas  Consolidated  of  Cali- 
fornia. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Neohi  Mines,  Colombia 


Nicola  Pavda  Mining  District 

Co. 
Nome  Holding  Co.a 

Do 

Do 

Nort)iem  Lights  Mining  Co 

Oroville  Dredging  (Ltd!) 

Do 

Do 


Do. 


OrovlUe  Union  Gold  Dredging 

Co.     . 
Oro  Water,  Light  &  Power 


Do. 
Do. 


Do 

Onk  Gold  Fields. 


Do. 


Headquarters. 


Oroville,  Cal. 
do 


Manila,  P.  I. 


Nome,  Alaska 

do 

Spokane,  Wash 

Deerlne,  Alaska 

(See    Borden    Co., 

C^dle,  Alaska 

Nome,  Alaska. 


....do 

Oroville,  Cal. 


Solomon,  Alaska. 
Salmon,  Idaho... 


Candle,  Alaska. 


La  Grange,  Cal. 
Auburn,  Cal... 


Council,  Alaska — 

Ma^oila,  P.I 

London,  England. 

do 

do 

do 

Manlla^P.I 


MarysviUe,  Cal 

do 

do 

Snelling,  Cal 

San  Frandsoo,  Cal.. 


.do. 
-do. 
.do. 


do 

do 

do 

do 

do 

do 

do 

do 

do 

(See  Oroville  Dredg- 
ing, Ltd.) 

Petrograd,  Russia... 

Seattle,  Wash 

do 

do 

Coimcil,  Alaska 

San  Fiandsoo,  Cal... 
.do. 


Situation  of  dredge. 


HoncutyCaL 

Garvin,  near  Red- 
ding, Cal. 
Ouamos,  P.  I 


Hastings  Creek 

Nome,  Alaska. 

Pierce,  Idaho 

Immachuck  River. . 


Eugruk  River.. 
Osborne  Creek.. 


Nome,  Alaska 

(See  Gardella,  Law- 
rence.) 

Adams  Creek 

Salmon,  Idaho 


Kugrok  River. 


La  Granee,Cal 

(See  Oardella,  Law- 
rence.) 

Council,  Alaska 

Percale,  P.  I 

Btu  Gajah,  Perak. . . 

do 

do 

do 

Mambuloa,  P.I 


MarysviUe,  Cal. 

do 

do 

do 

Oroville,  Cal... 


.do. 
.do. 


Make  of  dredge. 


New  York  En- 
gineering. 

Special 

do 

do 

Union  Con 


Union  Con. 
.....do 


Special. 


Special. 
Yuba.. 


Union  Con. 
Special 


Special 

Yuba 

Lobnlti 

do 

do 

do 

New  York  En- 
gineering. 

Marion 

do.,.: 

Union  Iron  W'ks 

Yuba 

Yuba 


Bucket 
capacity. 


Cu.fea. 
6 
5 

6 

1) 
9 

3i 
3 


.do. 
.do. 


Natoma,  Cal | do 

Buc 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


I 


London,  England . .  .|  Nechi  mines,  Zara- 

goea,  Colombia. 


do 

San  Francisco,  Cal.. 
do 


.do. 
.do. 


do 

London,  England . 


.do. 


Perm. 


Nome,  Alaska.. 

do 

do 

Ophir  Creek . . . 
Oroville,  Cal... 
.do. 


Pato   mines,  Zara- 

gosa,  Colombia. ' 
Oroville 


.do. 


do 

Camanche,        near 

Clements,  Cal. 
do 

Nikolalevsk,  Siberia. 


.do. 


....do 

....do 

....do 

....do 

Yuba 

....do 

Buoyrus , 

Union  and  Fra- 
ser  A  Chal- 
mers. 

Manon. 


Special 

do 

do 

Union  Iron  W'fcs 

Yuba 

do. 

Union  and  Fr»- 

ser   &    Chal- 

mers. 
Yuba 


Spedal. 


New  York  ma- 
chine. 

do 

do 


do 

Yuba  and  New 
York  Engi- 
neering. 

New  York  Eng. 


2i 


2* 
9 

3J 


2J 
5 

5 
5 
5 

8 

8 
8 
16 

S 

8 
15 
13J 


9 
9 
9 

15 
15 
15 
81 


7i 

10 
7 
7 
3 
7 
7 


9 

64 

6 

5 
9 

6 
5 

8 


a  Formerly  Nome  Consolidated  Dredging  Co. 
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Incomplete  list  of  dredging  operatvma — Continued. 


Nameofeompany. 


Otter  Bndeing  Co 

Pacific  Gola  Dredgliig  Co 

Do 

Do 

Do 

Panaile  Boeket  Dredging  Prop- 
erty (Ltd.) 
PasBoena  Dredging  Co 

PttoMIlMB 


Pavda,  Mcola,  Mining  District 

Ca 
PbiUppiiie  Dredges  (Ltd.) 


iUppiiie 


Do. 
Do. 
Do. 


Portuguese  American  Tin  Co.. . 
Ponder  River  Gold  Dredging 
Co. 

Do 

PUn  Mining  dE  Dredging  Co. . . 

BiTerton  Dredging  Co 

BopDTln(Ltd.) 

BQby  Gold  DredgjxuECoJIII"! 
Santa  Fe  DredgingCo. 


temders  Greelc  Dredging  Co. 

fiaapa  Placer  MlnMgCo , 

Seward  Dredging  Co , 

Bbasta  Drewig  Co , 

S&evertsoD  Johnsen  iffaing  ^ 

Dredg^Co.  , 

Sioax  Alaska  Mining  Co 


SbklToa  Dredging  Co. 
TinBentaDgCLtd.). 


Tlnora  Gold  Dredging  Co. 
TinldnaofBiamCLSL). 
ToDopah  PlacerB  Co 


Qopah 


Do. 


Trinity  Gold  Dredging  Co 

Uplift  Milling  Co!7V^ 

Valdcf  Dred^ig  Co 

Warm  (^eek  Dredging  Co 

5eldi.J.M....rrr.T!^ 

wild  Goose  Mining  &  Trading 
Ca 

Willow  G^k  Dredging  Co 

Wonder  Dredging  CoTr. 


York  Dredging  Co 

I  QKmite  hedging  A  Mining 
^Col 

TubaCQDaolidated  Gold  Fields. 


Do 

Do 

Do : 

Do . 

Do 

Do : 

Do 

Do •• 

Do 

Do 

^  Do ■ 

iDkonGoldCoi 
Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Headquarters. 


Idltaiod,  Alaska.... 
New  York,  N.Y... 

do 

do. 

do 

Paroale,  P.  I 


Teller,  Alaska. 

(See  Orovllle  Dredg- 
ing Ltd.) 
Petrograd,  Russia. 


Parcale,P.I 

.....do 

do 

do 

do 

Lisbon,  Portugal 

San  Frandsco,  Cal. . . 


do 

Nome,  Alaska 

Shoshoni,  Wyo 

Ixmdon,  England . . 

do 

Solomon,  Alaska . . . 

Golden,  N.Mex 

Nome,  Alaska 

Council,  Alaska 

New  York.  N.Y... 
San  Francisco.  Cal . 
Solomon,  Alaska . . . 

Nome,  Alaska 

Hammonton ,  Cal . . 
L^idon,  England . . 

Denver,Co]o 

London,  England . . 
Breokenridge,  Colo. 

do 

do 

LewisUHi.  Cal 

Council^  Alaska 

San  Francisco, Cal. 

do 

Teller,  Alaska 

Ophir,  Alaska 


San  Francisco,  Ca 
Nome,  Alaska 


York,  Alaska. 
Snelllng,Cal. 


Hammonton,  Cal.. 


....do 

do 

do 

.-..do 

....do 

.....do 

.....do 

do 

do 

do 

.....do 

New  York,  N.  Y. 
....do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Situation  of  dredge. 


Otter  C^eek 

Orovllle. 

Cliico,Cal 

Auburn,  Cal 

Carville,  Cal 

(See  Philippine 
Dredges,  Lta.) 
Teller,  Alaska 


Perm. 


Parcale 

....do 

do 

....do 

....do 

Portugal 

Sumpter,  Oreg. 


....do 

Nome,  Alaska. 

Shoshoni,  W  vo 

Bukeru,  Mo.  Nigeria. 

do 

(^usadepaga  River. . . 

Golden,  N.  Mex 

Saunders  Creek 

Council.  Alaska 

Nome,  Alaska 

Larkln,C;al 

Solomon,  Alaska 


Hastings  Creek 

Fort  Jones 

Kuala  Lumpur, 
F.  M.  S. 

Tin  Cup,  Colo 

Pong  District,  Siam . 
Breckenridge,  Colo. . 

do 

....do 

Lewiston,  Cal 

Council,  Alaska 

Junction  City,  Cal. . . 

do 

Windy  Creek 

Gdovin  Bay 


(Council,  Alaska. 
Nome,  Alaska... 


BuckCJreek.. 
Merced  Falls. 


Hammonton,  C:al. 


....do 

do 

....do 

....do 

....do 

....do 

....do 

....do 

do 

....do 

....do 

Ruby,  Alaska 

Iditarod,  Alaska. 
Dawson,  Alaska.. 
....do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Make  of  dredge. 


Union  Con. 
Buc] 


10 

do. 

Marion 


Special. 


Marion.. 


Australian. 

do 

do 

do 

do 

Union  Con. 
Yuba 


.....do 

Special 

No  recent  rei>ort. 
Bucyrus 

tfnion 

Special 

....do 

do 

Bucyrus 

Yuba 

Special 


Union... 
Yuba... 
Bucyrus. 


Marion 

Bucyrus 

do 

.....do 

do 

Special 

union 

Union  Iron  W'ks 

Special 

Union 

Yuba 


Special 

(See  Nome  Hold- 
ing Co.) 

Union 

Yuba 


Buc3rru8    and 
Yuba. 

....do 

do 

....do 

do 

do 

....do 

do 

do 

....do 

Yuba 

do 

Union  Con 

Si 


Special.. 
Bucyrus. 


.do. 
.do. 
.do. 
.do. 
.do. 


Bucket 
capacity. 


Cu.fed. 

? 

7 


7* 

6 
5 
6 
5 
7 
4 
7 

9 

3! 


8] 

6 
2i 


i 

9 

11 

2 

7 

8 
8i 


2i 


al- 


5 
5 
5 
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PREFACE. 

For  years  American  manufacturers  of  tile  and  white  ware  have  been 
dependent  on  the  importation  of  foreign  kaolin,  chiefly  in  the  form 
of  English  china  clay,  for  their  high-grade  materiaL  In  1916,  for 
example,  229,093  tons  of  such  kaolin  were  imported,  valued  at 
Sl;377,106,  at  the  port  from  which  it  was  shipped.  At  the  same 
time  there  were  known  to  be  available  in  Oeorgia  and  South  Carolina 
large  quantities  of  kaolin  of  a  high  degree  of  purity,  except  that  it 
contained  certain  color-giving  minerals,  especially  iron  and  titanium 
compounds,  and  had  an  abnormal  shrinkage.  Heretofore  this 
material  has  been  available  only  for  the  paper  trade  and  for  some 
lower  grades  of  pottery.  Investigations  carried  on  by  the  division 
of  mineral  technology  of  the  Bureau  of  Mines  have  shown  that  the 
impurities  may  be  readily  and  cheaply  separated  and  the  kaolin  so 
modified  in  its  physical  characteristics,  both  as  to  shrinkage  and  to 
the  development  of  color  on  burning,  that  it  is  comparable  with  the 
best  English  fire  clay  for  many  pottery  purposes. 

By  the  addition  of  a  small  amount  of  soditun  hydroxide,  this 
amount  being  carefully  controlled  by  chemical  analysis,  the  kaolin 
colloids  may  be  so  deflocculated  that  the  clay  remains  in  suspension 
in  water  through  long  periods  of  time,  allowing  the  small  particles 
of  heavier  minerals  to  settle  out  readily.  On  neutralizing  afterwards 
with  sulphuric  acid,  the  clay  readily  settles  and  may  then  be  filtered 
and  dried  as  usual. 

As  a  result  of  laboratory  experiments,  cooperative  experiments 
were  conducted  with  the  Oeorgia  Kaolin  Co.  at  Dry  Branch,  Oa.,  and 
a  plant  built  in  accordance  with  the  facts  discovered  in  the  laboratory. 
As  a  result,  many  tons  of  kaolin  have  been  purified  at  a  cost  of  less 
than  50  cents  a  ton,  producing  thereby  a  material  which  has  a  market 
value  nearly  twice  that  which  could  be  obtained  for  the  kaolin  for 
the  purposes  to  which  it  was  previously  put.  The  purified  china 
clay  produced  has  been  further  investigated  in  potteries  on  an  exten- 
sive scale  through  the  cooperation  of  the  Zanesville  M<}saic  Tile  Co., 
the  Mayer  China  Co.,  and  the  Beaver  Falls  Art  Tile  Co.  It  has  been 
shown  that  in  vitreous  chinaware  this  purified  American  kaoUn  can 
be  successfully  substituted  for  all  of  the  ball  clay  heretofore  used  and 
for  at  least  50  per  cent  of  the  English  china  clay.  Better  still,  in  the 
tile  industry  whiter  and  stronger  tile  can  be  and  are  being  made  from 
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this  treated  Georgia  kaolin  and  American  feldspar  by  substituting 
them  entirely  for  the  English  china  clay  and  Cornwall  stone  heretofore 
used. 

America  should,  accordingly,  be  largely  independent,  and,  with 
further  experiments,  probably  entirely  independent  of  imports  of 
foreign  material  for  the  white-ware  industries.  The  details  of  the 
work  are  described  in  the  following  pages. 

Charles  L.  Parsons, 
Chief  y  Division  of  Mineral  Teehnoloffy. 


REFINING  AND  UTILIZATION  OF  GEORGIA  KAOLINS. 


By  Ira  E.  Sproat. 


INTRODUCTION. 

The  question  "Why  can  not  American  kaolins  be  substituted  for 
English  china  clay?"  has  been  asked  time  and  time  again,  and  more 
often  since  the  beginning  of  the  present  war  in  Europe,  which  has 
threatened  to  cut  off  the  supply  of  European  clays  imported  from 
abroad.  The  answer  to  this  question  has  invariably  been,  that  the 
domestic  kaolins  are  not  as  pure  and  uniform  in  composition  as  the 
imported  clays. 

This  demand  for  white-burning  American  clays  is  of  such  economic 
importance  that  it  was  considered  advisable  to  determine  whether 
some  of  our  vast  deposits  of  impure  white  clays  could  not  be  refined 
sufficiently  to  permit  their  being  substituted  for  the  foreign  materials. 

Up  to  the  present  time  mechanical  principles  only  have  been 
applied  in  the  refining  of  kaolins,  but  in  order  to  keep  pace  with  the 
increasing  requirements  for  better  quality  and  uniformity  of  product, 
the  application  of  the  principles  of  colloidal  chemistry  is  necessary. 

The  investigation  described  in  this  report  was  carried  on  to  deteo*- 
mine  the  practicabiUty  of  applying  technical  control  of  clay  disperse 
systems  to  the  refining  of  kaolins  and  the  utilization  of  the  prepared 
clay  in  the  manufacture  of  vitreous  china  and  wall  tile. 

It  is  hoped  that  this  report  will  prove  a  stimulus  to  the  clay- 
washing  industry;  will  point  out  a  method  of  refining  certain  Amer- 
ican clays,  and  will  lead  to  the  substitution  of  domestic  kaolins  for 
imported  china  clays  by  manufacturers  of  high-grade  ceramic  wares. 

SEOONDAKY  KAOLINS  OF  GEORGIA  AND  SOUTH 

CAROLINA. 

Immense  deposits  of  secondary  kaolins  underlie  certain  areas  m 
Bibb,  Twi^s,  Wilkinson,  Washington,  Glasscock,  Jefferson,  and 
Richmond  Coimties,  in  Georgia;  and  Aiken,  Edgefield,  Lexington, 
and  Kershaw  Coxmties,  in  South  Carolina.  As  these  sedimentary 
kaolins  in  the  Cretaceous  strata  of  Georgia  and  South  Carolina 
occur  in  large  deposits  which  run  very  high  in  clay  substance,  and 
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in  some  of  their  physical  properties  are  not  unlike  the  English  china 
clay,  it  was  thought  advisable  to  select  these  kaolins  as  a  basis  for 
the  experiments. 

nmCIPAL  DEPOSITS  OF  SECONDAET  KAOLIN& 

A  general  study  of  the  principal  kaolin  deposits  of  South  Carolina 
and  Georgia  was  made  by  Bobert  Back,  formerly  of  the  Bureau  of 
Mines,  in  1913,  imder  the  direction  of  C.  L.  Parsons,  chief  mineral  tech- 
nologist. The  following  description  of  the  nature  of  the  different 
kaolin  deposits  of  Georgia  and  South  Carolina  is  taken  from  Mr. 
Back's  field  notes,  supplemented  by  the  writer's  observations  in  the 
Dry  Branch  district  of  Geoi^a. 

There  are  two  great  areas;  the  Aiken  district,  in  Aiken  Cotmty, 
Soifth  Carolina,  and  the  Dry  Branch  district,  in  Bibb  and  Twiggs 
Coimties,  Geoi^a,  which  are  being  worked  extensively  to-day. 
There  are  a  number  of  other  deposits  both  in  Georgia  and  South 
Carolina  which  in  quality  and  extent  rival  those  of  the  Dry  Branch 
and  Aiken  areas,  but  they  are  located  farther  from  railroads  and 
have  not  been  worked  to  any  great  extent.  The  deposits  in 
Georgia  have  been  described  in  detail  by  Veatch,'  and  those  of  South 
Carolina  by  Sloan.* 

KAOLIN  MINING  IN  THE  AIKEN  DISTRICT,   SOUTH  CAROLINA 

Kaolin  is  mined  in  the  Aiken  district  from  open  cuts  with  gravity 
drainage  or  from  pits  which  are  drained  by  steam  pumps.  A  num- 
ber of  kaolin  mines  have  been  opened  in  this  district,  chief  of  which 
are  those  of  McNamee  &  Co.,  South  Carolina  day  Co.,  Paragon 
Kaolin  Co.,  Immaculate  Kaolin  Co.,  and  Peerless  Clay  Co. 

MCNAICBB  A  CO. 

The  property  of  McNamee  &  Co.  is  situated  about  one  mile  from 
Bath  and  near  Horse  Creek.  The  kaolin  is  mined  by  open  cuts 
having  gravity  drainage.  The  overbiirden,  which  is  about  30  feet 
in  depth,  is  removed  with  a  steam  shovel.  The  clay  bed  is  known 
to  attain  in  places  a  thickness  of  about  15  feet,  the  upper  2  feet  and 
lower  7  feet  of  which  are  full  of  grit  and  sand  and  are  thrown  away. 
This  clay  is  simply  air-dried  and  sold  to  the  paper  trade. 

SOUTH  CAROLINA  CLAT  CO. 

The  South  Carolina  Clay  Co.  operates  an  open-cut  mine  near 
Horse  Creek  and  not  far  from  that  of  McNamee  &  Co.  The  kaolin 
deposit  is  about  8  feet  thick  and  the  overburden  ranges  from  20  to 

a  VMtch,  Otto,  Second  report  on  clay  deposits  of  Georgia:  Bull.  18,  State  Oeol.  Survey,  1909, 453  pp. 
b  Sloan,  Earle,  A  preliminary  report  on  the  clays  of  South  Carolina:  Bull.  1,  ser.  4,  State  Oeol.  Surrey, 
1904, 171  pp. 
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40  feet  thick.  The  top  8  to  10  inches  of  kaolin,  which  is  badly 
stained  with  iron,  is  thrown  away,  and  the  underlying  kaolin,  yel- 
lowish in  color,  is  dried  in  the  open  air  and  sold  to  the  pigment  and 
crayon  trades. 

PARAGON  KAOLIN  CO. 

The  mines  of  the  Paragon  Kaolin  Co.  are  about  1}  miles  from  Lang- 
ley  Station.  This  company  is  operating  two  open-cut  mines  with  a 
daily  capacity  of  about  100  tons.  The  clay  bed  is  about  12  feet  thick. 
The  overburden,  which  varies  in  thickness  from  30  to  40  feet,  is  removed 
with  mules  and  carts.  The  kaolin  obtained  from  these  two  mines  is 
rather  soft  and  mealy,  and  the  output  is  sold  exclusively  to  the  paper 
trade. 

IMMACULATE  KAOLIN  CO. 

The  mine  of  the  Immaculate  Eaoiin  Co.  is  located  about  2  miles 
southeast  of  Langley  Station.  The  day  deposit  in  this  mine  reaches 
a  thickness  of  about  25  feet  and  is  very  white  and  free  from  gritj  espe- 
cially in  the  lower  part  of  the  bed.  The  overburden,  which  reaches  a 
thickness  of  40  feet,  is  removed  with  a  cable  excavator.  The  clay 
is  sold  directly  and  exclusively  to  the  paper  trade. 

PESRLBB8  CLAT  CO. 

The  Peerless  Clay  Co.  operates  a  mine  2  miles  southeast  of  Langley 
Station,  the  clay  deposit  being  very  similar  to  that  mined  by  the  Im- 
maculate Kaolin  Co. 

KAOLIN  MINING  IN  THE  DBT  BRANCH  DISTRICT,   GEORGIA. 

In  March,  1916,  there  were  three  companies  actively  engaged  in  the 
mining  and  marketing  of  secondary  kaolins  within  a  radius  of  three 
miles  of  Dry  Branch.    The  mines  are  all  open-cut  mines. 

GEORGIA  KAOLIN  CO. 

The  Geoi^a  Kaolin  Co.  is  the  only  one  in  this  district  actively 
engaged  in  washing  kaolin.  The  clay  as  mined  is  highly  plastic,  has 
a  high  strength,  and  bums  to  a  good  white,  but  if  glazed  the  color 
becomes  a  decided  cream.  The  product  is  sold  to  the  paper  trade, 
pigment  manufacturers,  and  some  ceramic  industries.  A  view  of  a 
face  in  this  mine  is  shown  in  Plate  I,  A. 

AMERICAN  CLAT  CO. 

The  American  Clay  Co.  selb  its  entire  output  to  the  paper  trade. 
The  clay  is  not  washed  and  the  only  mechanical  treatment  it  receives 
is  crushing  after  being  air-dried.  A  washing  and  refining  plant  is 
being  built.    This  clay  has  a  good  plasticity  and  bums  to  about  the 
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same  color  as  the  clay  mined  by  the  Georgia  company,  but  is  softer 
and  more  mealy  and  has  a  lower  tensile  strength.  A  view  of  the  clay- 
bank  in  this  mine  is  shown  in  Plate  I,  B. 

JOHN  SANT  CLAT  CO. 

The  John  Sant  Clay  C!o.  mines  and  pulverizes  its  clay  for  use  in  the 
manufacture  of  white-ware  pottery,  wall  tile,  and  other  ceramic  wares. 
The  clay  from  this  mine  is  very  hard,  fine  grained,  and  bums  to  a  good 
color,  but  lacks  xmiformity  in  composition,  which  is  partly  due  to 
impurities.  If  this  clay  were  to  be  refined  it  would  doubtless  find  a 
much  wider  appUcation  in  the  ceramic  industries. 

ATLANTA  MININQ   A  CLAT  CO. 

The  Atlanta  Mining  &  Clay  Co.  formerly  operated  a  mine  and 
washing  plant  in  this  district.  The  property  has  been  idle  for  the  past 
year  or  more. 

PBOBABLE  CAUSES  OF  TAUATION  IN  PHYSICAL  FEOPEETISS  OF 

THE  CLATS. 

The  variation  in  physical  properties  of  kaolin  from  different  mines, 
as  noted  above,  is  evidently  due  to  the  variable  conditions  imder  which 
the  deposits  were  laid  down,  the  denser  and  harder  clays  having  been 
formed  under  conditions  of  complete  deflocculation  and  disintegration 
of  clay  grains,  whereas  the  clays  of  lesser  density  and  tensile  strength 
have  probably  been  deposited  while  the  grains  were  in  a  more  flocou- 
lated  and  coagulated  condition.  In  other  words,  the  extent  of  disper- 
sion at  the  time  of  deposition  has  affected  the  physical  properties 
of  the  clay.  As  a  result  the  clay  from  one  of  the  mines  mentioned  is 
hard  and  weak  and  must  be  finely  ground  before  it  will  blunge  satis- 
factorily with  water;  another  mine  produces  soft  mealy  clay  which 
is  easily  blunged  with  water  without  any  preliminary  treatment; 
and  still  another  mine  yields  a  soft,  highly  plastic,  and  strong  clay 
which  contains  irregular  layers  or  pockets  of  fine-grained  flinty  clay 
of  low  tensile  strength,  that  is  so  hard  that  much  of  it' must  be  thrown 
away,  as  it  will  not  blunge  in  the  washers.  The  harder  clays  contain 
less  impurities  than  the  softer  ones,  indicating  that  the  ancient 
ocean  or  sea,  which  acted  as  a  huge  washing  plant  in  refining  and  sort- 
ing these  sediments,  deflocculated  some  clays  and  caused  the  im- 
purities to  settle  out  more  readily. 


B.    VIEW  IN  ANOTHER  KAOLIN  MINE,  DRY  BRANCH  DISTRICT. 


a     REMOVING  OVERBURDEN  WITH  STEAM  SHOVEL. 
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MINING  METHODS  AND  TREATMENT. 

KAOLIN  MTTtfTMIJ  IN  THE  DKT  BEANCH  DISTmiCT. 

Open-cut  mining  is  universally  prectioed  at  the  kaolin  mines  in 
the  Dry  Branch  district,  owing  to  the  fact  that  the  overburden  ia 
so  soft  that  any  timbering  would  have  to  be  water- 
tight in  order  to  keep  out  sand  and  iron-etained 
silt  in  rainy  weather. 

BSHOVAI.  OF  OTBBBUBDBK. 

Figure  1  shows  graphically  the  strata  in  the  mine 
of  the  Geoi^a  Kaolin  Co.  and  is  typical  of  the  strata 
generallyfoundinminesofthisdistrict.  However, 
the  thickness  of  overburden  will  vary  from  about 
10  feet  along  the  ravines  to  probably  100  feet  be- 
low the  crest  of  the  hill. 

The  removal  of  this  overburden  is  an  important 
part  of  the  mining  operations.  To  remove  such 
large  amounts  of  material  economically  and  with 
dispatch  and  dispose  of  them  has  been  one  of  the 
main  problems.  However,  until  lately  not  much 
attention  has  been  given  it. 

At  present  (March,  1916)  two  of  the  companies 
mentioned  are  usingsteam  shovels  for  removing  the 
overburden,  and  it  will  probably  be  only  a  short 
time  until  the  overburden  is  stripped  back  far 
eaough  (200  feet)  from  the  clay  face  or  breast  to 
aroid  contamination  in  case  of  caving  during  rainy 
weather.     A  steam  shovel  at  work  is  shown  in 
PUtel,  C.    Another  company  removes  the  over-  ^^^  i._cro««iioin,( 
burden  with  pick  and  shovel,  removing  just  enough     tnu  in  a  k»>iin  mbw  in 
to  expose  the  face  of  the  clay  bank,  with  the  result     *^  ^  *"°*  '^"*^ 
that  sometimes  after  a  rain  the  overburden  caves,  filling  the  pit  and 
staining  the  clay.    The  drag  scraper  which  was  formerly  used  by  two 
of  the  companies  is  shown  in  Plate  II,  A. 

lUNINQ  TUK  CLAT. 

Id  the  three  mines  mentioned  the  kaolin  is  mined  with  pick  and 
shovel,  the  clay  being  mined  economically  and  easily  in  this  way, 
owing  to  the  jointing.  Veatch  "  in  describing  the  tnintpg  of  kaolin 
at  tfie  mine  of  the  Georgia  Kaolin  Co.,  says: 

A  Btructuinl  fefttlue  which  haa  an  economic  application  ia  the  jointing.  The  jmnta 
twve  no  deGnito  sfRtem  (»  fixed  direction,  and  may  be  oblique,  vertical,  or  hoiisontal, 

■  vtudk,  ouo,  SMMd  i^ort  00  tlM«l*r  d^oiltiol  Onqla:  BnU.  18,  Stau  OmI.  SuTT^,  uoa,  p.  laj. 
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and  the  bed  may  be  minutely  jointed  or  there  may  be  only  laige  cracks  at  wide  inter- 
vals. The  jointing  has  the  appearance  of  being  due  to  shrinkage  of  the  clay  mass,  and 
not  to  erogenic  movements. 

By  undermining  the  clay  at  the  base  of  the  face  or  breast  and  driv- 
ing long  wooden  or  steel  stakes  down  into  the  clay  near  the  edge  of 
the  breast,  large  chunks  are  split  off,  advantage  being  taken  of  the 
jointing  of  the  clay.  The  clay  split  down  from  the  bank  is  broken 
into  lumps  of  a  size  that  can  be  conveniently  loaded.  In  the  mines 
of  the  American  Clay  Co.  and  John  Sant  Clay  Co.,  where  the  clay  is 
not  given  a  subsequent  treatment  other  thsn  grinding,  these  small 
lumps  are  hand  sorted  and  the  iron  stains  and  sand  pockets  are  cut 
out  with  hoe-shaped  knives.  The  irregular  jointing  of  kaolin  in 
two  different  mines  is  shown  in  Plate  II,  B  and  C, 

BEHOVIKa  CLAY  SltOX  PIT. 

Each  company  uses  different  methods  in  removing  the  mined 
clay  from  the  pit,  the  method  used  depending  upon  the  output  of  the 
mine,  the  topography  of  the  surface,  and  the  subsequent  treatment 
of  the  clay. 

JOHK  SANT  CLAY  GO.  MINE. 

The  mine  of  the  John  Sant  day  Co.  is  located  about  1  mile  from 
their  drying  sheds,  which  are  'situated  along  the  Macon,  Dublin  & 
Savannah  Eailroad,  and  the  output  is  small.  The  clay  is  shoveled 
into  wagons  and  haided  to  the  open-air  drying  sheds  where  it  is 
allowed  to  dry  for  several  weeks.  When  dry  the  clay  is  ground  in 
a  set  of  corrugated  rolls,  screened,  and  sacked  for  shipment  to  the 
pottery  trade. 

The  drying  sheds  (See  PI.  Ill,  A)  consist  of  three  to  six  tiers  of 
superimposed  racks  about  15  feet  wide,  the  day  being  piled  on  the 
racks  to  a  depth  of  about  3  feet.  The  bottom  of  the  racks  is  formed 
of  movable  scantlings  or  pine  railings.  As  the  clay  on  the  lowest 
tier  becomes  dry  it  is  dropped  on  the  floor,  and  the  loads  on  each 
superimposed  tier  are  dropped  in  succession.  The  dried  kaolin 
dumped  on  the  floor  is  broken  with  mauls  or  in  roll  crushers. 

AMERICAN  CLAY  CO.   MINE. 

At  the  mine  of  the  American  Clay  Co.  the  day  is  elevated  out  of 
the  pit  with  an  overhead  tramway  which  transports  and  dumps  the 
clay  into  small  loading  bins  at  the  top  of  the  pit.  The  clay  is  then 
dumped  into  cars,  which  are  drawn  from  the  loading  bins  to  the  open- 
air  drying  sheds  by  a  wire  cable  and  winding  drum.  The  clay  is 
allowed  to  dry  for  several  weeks,  when  it  is  shaken  down  to  the 
bottom  of  the  shed,  hammered  and  cut  up  into  small  lumps  about 
the  size  of  a  man's  fist,  loaded  into  cars,  and  shipped  exclusively  to 
the  paper  trade. 
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OBOBOIA   KAOLIN  GO.  MINE. 

In  the  mine  of  the  Georgia  Kaolin  Co.  the  clay  is  merely  broken  in 
pieces  small  enough  to  be  loaded  by  two  men,  as  the  subsequent  treat- 
ment of  the  clay  does  not  require  breaking  into  small  pieces  at  this 
stage.  The  clay  is  elevated  from  the  pit  by  an  overhead  tramway  or 
by  cars  which  are  pulled  out  of  the  pit  by  a  steel  rope  and  winding 
drum.  Both  the  cars  and  buckets  automatically  dump  their  clay 
into  a  large  storage  shed,  which  holds  enough  clav  to  nm  the  washing 
plant  for  a  week. 

KAOLIN  KEHNING  DT  THE  DKT  BRANCH  DISTRICT. 

Only  one  company,  the  Georgia  Kaolin  Co.,  in  this  district  is 
activdy  engaged  in  the  reiSning  of  kaolin.  The  method  of  washing 
clay  at  this  plant  is  similar  to  the  reiSning  process  used  in  refining  the 
primary  kaolin  of  the  southern  Appalachian  district,  which  has  been 
described  in  detail  by  Watts,*  so  only  a  mere  outline  of  the  washing 
process  will  be  given  here.  It  consists  of  seven  different  operations, 
which  are  as  follows: 

1.  Thorough  blunging  of  the  clay  with  water,  in  rectangular  blun- 
gers,  which  are  about  10  feet  long,  4  feet  wide,  and  4  feet  deep. 

2.  Floating  the  slip  through  narrow  troughs  about  50  feet  long  with 
an  average  width  of  about  2  feet,  the  width  of  trough  depending  on 
the  rate  of  flow  required  to  settle  out  the  impurities. 

3.  Screening  the  slip  through  a  110-mesh  rotary  screen. 

4.  Concentrating  the  slip  in  large  concrete  tanks,  which  are  about 
75  feet  long,  25  feet  wide,  and  5  feet  deep,  where  it  is  allowed  to  stand 
'or  about  48  hours,  when  the  supernatant  liquid  is  drawn  off  and  the 
thickened  clay  slip  nm  into  a  small  retaining  tank. 

5.  Filter  pressing  the  thick  clay  slip,  which  is  pumped  from  the 
small  retaining  tank  into  the  filter  press  at  a  pressure  of  100  poimds. 

6.  Drying  the  filter-press  cakes,  which  contain  about  25  per  cent 
of  water,  in  tunnel  driers  heated  by  exhaust  steam,  or  in  open-air 
drying  sheds. 

7.  Crushing  the  thoroughly  dried  cakes  into  small  pieces  in  corru- 
gated rolls. 

Open-air  driers  for  drying  the  filter-press  cakes  are  shown  in  Plate 
III,  B.    A  view  of  the  refining  plant  is  shown  in  Plate  III,  (7. 

o  Watts  A.  8.,  Mining  and  treatment  of  feldspar  and  Icaolin  in  the  soutbem  Appalachian  region:  Bull. 
53,  Bama  of  litaies,  1913,  p.  72. 
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DfPUBITIES  or  GEORGIA  KAOLIN& 

The  following  is  a  chemical  analysis  of  a  sample  of  kaolin  taken  from 
the  pit  of  the  Georgia  Kaolin  Co.,  as  reported  by  S.  W.  McCallie: 

Composition  of  sample  of  haolin,^ 

Per  cent. 

Moifltuie  at  100*' C L22 

Loss  on  ignition 13. 46 

SiO, 44.76 

AljOa 38.41 

FejO, .63 

CaO 20 

MgO 09 

Na,0 09 

KaO 35 

TiOj L37 

From  this  analysis  it  is  seen  that  the  chief  color-imparting  oxides 
are  FcaOj  and  TiOj.  The  source  of  these  oxides  is  best  shown  by  the 
following  results  of  a  microscopic  examination  of  a  sample  of  day 
from  the  mine  of  the  Georgia  Kaolin  Co.,  by  F.  B.  Laney,  of  the 
United  States  Geological  Survey: 

Associate  minerals  found  by  microscopic  exemwnation  of  kaolin. 


Quartz. 

^Partly  decomposed  feldspar,  often  stained 

with  iron  oxide. 
*Wad — small  pisolites  of  manganese  ox-. 

ide. 
*Limonite. 
Muscovite. 
♦Magnetite. 
*Hematite. 


*Ilmenite. 
Zircon. 
*RutUe. 
Apatite. 
^Tourmaline. 
Corundum. 
Monazite. 

♦Iron — minute  particles  broken  off  from 
the  crushing  machinery. 

The  minerals  marked  with  an  asterisk  are  the  minerals  that  tend 
to  give  a  cream  color  to  a  burned  china  body  when  (jeorgia  kaolin  is 
one  of  the  constituents  of  the  body.  . 

Only  a  small  part  of  these  impurities  is  removed  by  the  present 
methods  of  refining,  owing  to  the  fact  that  the  most  of  the  color- 
imparting  minerals  are  present  in  a  very  fine  state  of  subdivision,  as 
the  coarser  impurities  settled  out  when  the  clay  was  being  deposited. 
In  fact,  most  of  the  color-imparting  particles  will  pass  a  260-mesh 
sieve,  and  some  are  much  finer.  Besides  being  finely  subdivided, 
these  impurities  are  completely  coated  with  clay,  which  prevents 
their  being  settled  out,  regardless  of  their  higher  specific  gravity, 
without  a  large  loss  of  clay.  This  clay  coating  is  not  removed  to  any 
great  extent  on  prolonged  blunging.  Blunging  for  two  hours  will  not 
disperse  the  clay  particles.    Grinding  in  a  ball  mill  has  a  greater 

a  Veotch,  otto,  Second  report  on  clay  deposits  of  Georgia:  Bull.  18,  State  Geol.  Survey,  UOO,  p.  128. 
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B.    OPEN-AIR  DRVING  SHEDS  FOR  WASHED  CLAY. 


a    KAOLIN  REFINING  PLANT  NEAR  DRV  BRANCH,  GA. 
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tendency  to  produce  complete  disintegration,  but  such  treatment  is 
not  economical  to  use  in  the  washing  of  kaolins.  Therefore,  in  order 
to  obtain  complete  dispersion  of  the  clay  grains  and  the  resulting 
separation  of  the  coloring  minerals  from  the  clay  it  is  necessary  to 
consider  the  colloidal  nature  of  clay,  and  apply  chemical  principles 
thereto. 

^      EFFECTS  OF  ELECTROLYTES  ON  CLAY  BODIES. 

UTBRATUUB. 

Probably  one  of  the  first  persons  who  noticed  the  effect  of  alkalies 
on  clay  was  Brongniart,^  who  in  1844  claimed  that  adding  3  per  cent 
of  potash  improved  the  pottery  bodies  with  which  he  worked. 

Shortly  after  this,  Hartmann  ^  described  the  use  of  alkalies  in 
casting. 

Seger  ^  also  noticed  some  effects  of  alkalies  in  ceramic  bodies. 

Zebisch,'  who  carried  on  one  of  the  first  scientific  investigations 
of  the  effect  of  bases  on  olays,  noticed  that  basic  substances  have  an 
angular  sharp-cornered  form  while  in  a  solution  of  water,  and  that 
acid  substances  have  a  round  smooth  form.  He  offers  this  as  a  pos- 
sible explanation  of  the  effect  of  bases  on  clays. 

Goetz  ^  in  his  Grerman  patent  advises  the  use  of  soda  with  or 
Tvithout  cinnabar  in  the  casting  of  porcelain  and  stoneware. 

In  1895  Hagedorn/  claimed  that  a  mixture  of  clay,  chalk,  quartz, 
and  ground  glass  made  a  body  requiring  a  smaller  amount  of  water 
than  certain  other  ceramic  mixtures.  This  is  probably  due  to  the  fact 
that  alkalies  dissolved  frCm  the  ground  glass  and  caused  defloccula- 
tion  of  the  clay. 

Kosmann  ^  claims  that  a  certain  amount  of  silicic  acid  is  dissolved 
from  the  clay  substance  by  soda,  and  that  the  silicic  aoid  thus  dis- 
solved causes  the  clay  slip  to  become  more  liquid. 

New  developments  in  colloidal  chemistry  about  this  time  helped 
Lottermoser*  to  throw  light  on  some  of  the  present-day  views  of  the 
effect  of  alkalies  on  colloidal  gels. 

Weber  *  claims  in  his  patent  that  by  using  a  plastic  bond  clay  in 
a  body   together   with   soda,    ammonia,    potash,   sodium  silicate, 

•  Bronsnlart,  A.,  TnUM  des  arts  oAumiqaes  ou  des  poteries,  1844,  pp.  46ft-460. 

b  Hartntaim.  C,  Die  TanwarenlAbrikatkm  (1850):  Spreehsaal,  Jafaxg.  27, 18M,  p.  1028. 

c  Sflger,  Htrmaim,  JapaoJschM  PoneUan  und  dessen  Dekoration:  Tonindustrie  Ztg.,  Jahrg.  15,  1891, 
p.  813;  Seg«r's  Gesammelte  Scbriften,  1807,  p.  573. 

d  Zebisch,  A.,  Spreehsaal,  Jahrg.  27, 1804,  p.  105;  Jahrg.  28, 1805,  p.  303. 

«  Goets,  KbtI,  German  patent  70247,  80b,  Oct.  23,  1801;  Heber  Sodaschllcher,  Spreehsaal,  Jahrg.  27, 
lS04,pp.  637, 685,  738. 

/  Hagedcm,  Robert,  and  Hagedorn,  Henuaan,  German  patent  90007,  Oct.  23, 1805. 

9  Kosmann,  Dr.,  Ueber  die  Verflflarfgnng  von  Thonbrei  durch  Soda:  Tonindostrie  Ztg.,  Jahrg.  19, 1805, 
p.  383. 

k  Lottarmoser,  Alfred,  Ueber  anorganisohe  CoUoIde:  Sammlung  Cbem.  und  ohem.-techn.  VortrUge, 
Bd.  6, 1001,  pp.  161-240. 

i  Weber,  E.,  German  patent  158406, 80b,  Aug.  14, 1902. 
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molasseS;  and  soap  it  is  possible  to  cast  with  nonplastic  ingredients  a 
body  as  thick  as  10  mm.  in  diameter.  He  states  that  such  a  slip 
will  cast  as  well  as  the  finer  grained  porcelain  and  stoneware  slips. 

L.  J.  Briggs  *  and  others,  of  the  U.  S.  Bureau  of  Soils,  used  am- 
monia to  dissolve  the  colloids  in  soils.  It  was  found  that  ammonia 
was  most  effective  in  deflocculating  soils  containing  a  low  percentage 
of  soluble  salts.  For  instance,  little  effect  was  noticed  on  soils  con- 
taining more  than  1  per  cent  of  soluble  salts.  The  investigators  men- 
tioned also  noticed  that  when  the  soil  contains  a  considerable  amount 
of  lime  or  magnesium  carbonate,  flocculation  occurs,  usually  becom- 
ing more  pronounced  on  the  addition  of  ammonia. 

Forster*  notes  that  the  viscosity  of  clays  is  decreased  by  small 
additions  of  alkalies.  He  claims  that  the  negatively  charged  OH  ion 
repels  similarly  charged  clay  particles.  He  also  notes  that  the  OH 
ion  is  absorbed  by  the  clay.  Spangenberg^  claims  that  the  OH  ion  is 
absorbed  by  the  clay  particles  and  the  so-charged  clay  particles  repel 
each  other,  causing  a  liquefaction  of  the  clay  shp. 

Forster  ^  claims  that  the  Ca  ion  dissolved  by  clay  sUps  from  the 
plaster  molds  prevents  to  a  certain  extent  the  deflocculating  aetion 
of  the  OH  ion.  In  order  to  prevent  this  he  advises  the  use  of  NajCO, 
instead  of  NaOH,  thereby  changing  the  Ca  ion  to  harmless  CaCO,. 

The  German  patent  201404^  issued  in  1906,  states  that  the  plas- 
ticity of  kaolin,  clay,  and  ceramic  mixtures  can  be  increased  by  the 
addition  of  tannic  acid.  It  also  states  that  tannic  acid  with  an  ex- 
cess of  alkali  when  added  to  clay  causes  a  certain  fluidity  in  the  slip, 
which  on  the  addition  of  more  tannic  acid,  again  thickens.  Certain 
other  organic  acids  may  be  used  in  the  place  of  tannic  acid. 

The  introduction  of  alum  f  to  accelerate  sedimentation  was  another 
important  step  in  the  clay-washing  industry.  Hirsch,^  Simonis,* 
Mellor,*  Rieke,^  and  others  studied  the  effect  of  soluble  sulphates  on 
clays.  Most  important  is  probably  Rieke^s  work,  in  which  he  showed 
that  MgS04,  CaSO,,  FeSO^,  ZnSO,,  CuSO^,  CoSO^,  ^(804)3,  and 
MgO  increased  the  viscosity  of  a  Zettlitzer  kaoUn  slip. 

a  Briggs,  L.  7.,  Martin,  F.  O.,  and  Pearoe,  J.  R.,  Centrifugal  method  of  mechanical  soil  analysis:  Bureau 
of  Soils  Bull.  24, 1904,  p.  24. 

b  rarster,  F.,  Ueber  das  Giessen  des  Tons:  Chem.  Ind.,  Jahrg.  28, 1905,  pp.  733-740. 

<^  Keppeler,  Qustav,  and  Spangenberg,  Albert,  Verfahren  Kaoline,  Tone  und  aus  hergestellte  keiamiscbe 
Hassen  plastischer  zu  machen:   Chem.  Ind.,  Bd.  31, 1908,  p.  592.  ' 

<i  FOrster,  F.,  Loc.  cit. 

<  Keppeler,  Gustav,  and  Spangenberg,  Albert,  German  pi^tent  201404, 80b,  Aug.  29, 1906. 

/  Rles,  Heinrlch,  Clays  of  the  United  States  east  of  the  Mississippi  River:  Prof.  Paper  11,  U.  S.  Geol.  Sur- 
vey. 1903,  p.  35. 

9  Hirsch,  H.,  Verhalten  von  Ton  in  Salslosilngen:  Tonindustry  Ztg.,  1904,  p.  491. 

\  Staonis,  M.,  Weit^  Beitr&ge  sum  Verhalten  von  Tonen  und  Mag^rungsmitteln  gegen  Elaktrolyte: 
Sprechsaal,  Jahrg.  36, 1906,  p.  1186. 

<  Mellor,  J.  W.,  Studies  on  clay  slips:  Trans.  Eng.  Cer.  Soc.,  vol.  6, 1006-7,  pp.  161-170. 

i  Rieke,  Reinbold,  Ueber  die  Wirkung  IQsliober  Sulfate  aul  Kaoline  und  Tone:  Sprechsaal,  Jalug.  43 
1010,  p.  709. 
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Alkalies  were  also  used  by  Schwerin  ^  in  his  electrical  method  of 
pruificatioii  of  days.  Before  the  clay  slip  was  treated  with  electricity 
it  was  deflocculated  with  an  electrolyte  to  permit  the  coarser  impuri- 
ties to  settle.    The  finer  impurities  were  then  removed  by  electrolysis. 

Ashley  ^  found  that  the  color  of  days  in  which  iron  is  one  of  the 
bases  would  be  improved  if  the  clay  was  blunged  with  hydrochloric 
acid;  settled,  and  the  overlying  water  drawn  off. 

Ashley  *  also  reports  Keppler's  patent  on  improving  clays  by  defloc- 
culating  with  alkah,  making  an  addition  of  colloid  matter  from  humus, 
and  reprecipitating  all  together  by  the  addition  of  an  acid. 

Bleininger,^  in  summarizing  his  results  on  the  dectrical  separation 
of  day,  says  the  use  of  caustic  soda  and  other  dectrolytes  brings  about 
a  condition  of  minimum  viscosity  which  greatly  assists  in  the  separa- 
tion of  quartz  and  fddspar  from  the  day. 

Brown  and  Howat  ^  found  that  by  deflocculating  kaolins  with 
caustic  soda  or  silicate  of  soda  their  color  was  improved  and  the  drying 
shrinkage  decreased,  but  the  burning  shrinkage  increased. 

Bleininger  ^  states: 

The  washing  of  kaolinitic  clays  may  be  decidedly  improved  as  far  as  the  quality 
of  the  product  is  concerned  by  adding  to  the  water  in  the  blunger  a  definite  small 
amoimt  of  caustic  soda  or  a  mixture  of  caustic  soda  and  sodium  silicate.  This  treat- 
ment improves  the  color  of  most  clays,  enriches  their  content  in  clay  substance, 
decreases  the  drying  shrinkage,  but  tends  to  increase  the  burning  shrinkage. 

EXPHIIMENTS  WITE  KAOLINS  OF  SOUTH  CAROLINA  ANB  GEORGIA. 

PBSLIMINABY  XNVESTIGATION. 

The  preliminary  tests  on  the  different  secondary  kaolins  of  South 
Carolina  and  Georgia  were  made  by  Robert  Back  in  1913-14  at 
the  Washington  laboratory  of  the  bureau.  Back  investigated  differ- 
ent methods  of  refining  these  secondary  kaolins,  and  compared  the 
color  of  the  refined  product  when  burned  and'glazed  at  cone  10  to  that 
of  English  china  day  burned  under  the  same  conditions.  He  found 
that  by  thoroughly  deflocculating  kaolin  from  the  Dry  Branch  dis- 
trict with  a  small  measured  quantity  of  caustic  soda  the  impurities 
could  be  settled  out  with  greater  ease.     The  product  showed  sufficient 

a  Stoamer,  H.,  Ein  neues  eletrtriscfaes  Tonreinigungsverfikhren:  Tonlndustrie*Ztg..  Jbrg.  36,  1912,  pp. 
131^1281,  Schwerin,  — ,  Electrical  process  for  the  purification  of  claya;  Trans.  Eng.  Cer.  Soc.,  vol.  12, 
1912-1913,  pp.  36-65;  Bleinlger,  A.  V.,  Use  of  sodium  salts  in  the  purification  of  days  and  in  the  casting 
process,  Tech.  Paper  51,  Bureau  of  Standards,  Sept.  25, 1915,  pp.  14-19. 

^  AsUey,  H.  E.,  The  technical  control  of  the  colloid  matter  in  clays:  Trans.  Am.  Cer.  Soc.,  vol.  12, 1910, 
p.  802. 

e  Ashley,  H.  E.,  Op.  cit.,  p.  808. 

d  Blehiixiger,  A.  V.,  Note  on  the  electrical  separation  of  clay:  Trans.  Am.  Cer.  Soc.,  vol.  15, 1913,  p.  343. 

e  Brown,  O .  H.,  and  Howat,  W.  L.,  The  use  of  deflocculating  agents  in  the  washing  of  days  and  the  effect 
of  the  pneea  upon  the  color:  Trans.  Am.  Cer.  Soc.,  vol.  17, 1915,  p.  87. 

/  Bleininger,  A.  V.,  Use  of  sodium  salts  in  purification  of  clays  and  in  the  casting  process:  Tech .  Paper  51 , 
Boreaa  of  Standards,  Sept.  25, 1915,  p.  38. 
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improvement  in  color  when  made  up  into  hard,  fire^azed  porcelain 
bodies  to  justify  the  washing  of  several  tons  of  the  Dry  Branch  (Ga.) 
kaolin  at  one  of  the  washing  plants  operating  in  that  district.  The 
results  of  Back's  work  have  been  published  by  permission  of  the 
bureau  in  the  Transactions  of  the  American  Ceramic  Society.^ 

FUBPOSE  OF  PBESENT  TESTS. 

In  order  to  determine  whether  some  practical  method  of  refining  the 
secondary  kaolins  of  Georgia  on  a  commercial  scale  could  be  devised, 
the  Bureau  of  Mines  arranged  a  cooperation  agreement  with  the 
Geoi^a  Kaolin  Co.,  Dry  Branch,  Ga.,  and  this  work  was  begun  by 
the  writer  in  March,  1915. 

EFFECT  OF  ALKALIES,  ACIDS,  AND  SALTS  ON  OEOBGIA  KAOLIN 


Much  work  has  been  done  in  this  country  and  abroad  to  deter- 
mine the  eflfect  of  electrolytes  on  day  in  suspension  in  water,  and 
in  nearly  every  investigation  carried  on  in  this  country  Georgia 
kaolin  was  included  among  the  clays  tested.  Therefore  only  a  brief 
summary  of  the  effect  of  alkahes,  acids,  and  salts  on  Georgia  kaolin 
suspensions,  as  determined  in  experiments  by  the  writer,  will  be 
given  here. 

EFFECT  ON   VISCOSITY  OF  SLIP. 

It  is  well  known  that  alkalies  in  small  amounts  tend  to  increase 
tho  state  of  dispersion  of  clay-water  systems,  the  result  being  a  decrease 
in  viscosity  of  the  system.  This  breaking  up  of  the  larger  clay 
particles  into  smaller  ones  is  plainly  shown  by  the  following  mechan- 
ical analyses  of  two  samples  of  washed  Georgia  kaolin,  one  of  which 
was  washed  in  a  solution  containing  0.075  per  cent  NaOH.  These 
analyses  were  made  with  a  Schultze  elutriation  apparatus  having  an 
overflow  of  80  c.  c.  per  minute.* 

Table  1. — Results  of  mechanical  analyses  of  washed  Georgia  kaolin. 


Size  of  cla\'  par- 
ticles. 

Washed 
Georgia 
kaolbi. 

Georgia 
kaolbi 
waabed 
with  0.075 
per  cent 
NaOH. 

Mm. 

o.no 

Percent, 

0.27 

.42 

.33 

4.40 

2.36 

15.70 

76.52 

Percent, 

0.28 

.46 

.30 

.98 

2.30 

0.04 

86.61 

.0766 

.0678 

.0840 

.0187 

.0100 

a  Back,  liobert,  Effects  of  some  electrolytes  on  clays:  Trans.  Am.  Cer.  Soc.,  vol.  76, 1914,  pp.  515^544$. 
i>  For  description  of  this  apparatus  see  Watts,  A.  S.,  Mining  and  treatmant  of  feldspar  and  kaoliii  in  the 
southern  Appalachian  region:  Bull.  63,  Bureau  of  Mines,  1018,  p.  46. 
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This  table  shows  that  the  particles  that  were  larger  than  0.034 
mm.  were  little  affected  by  hydroxide ;  therefore  they  were  chiefly 
impurities  and  not  colloidal  day. 

On  the  other  hand,  many  acids  and  salts  have  the  opposite  effect 
to  that  of  alkalies,  causing  a  coagulation  of  the  clay  particles  and  a 
resulting  increase  in  the  viscosity  of  the  system. 

Therefore  the  effect  of  the  addition  of  different  amoun'ts  of  electro- 
lytes to  a  day-and-water  system  can  be  satisfactorily  studied  by 
tiie  determination  of  viscosity.  This  is  best  done  by  the  use  of  a 
brass  efflux  tube  or  viscosimeter.  The  viscosimeter  used  by  the  writer 
was  similar  to  the  one  described  by  Bleininger,*  with  the  exception 
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FiouBi  2.~£ifect  of  eleetroiytes  on  vlsooBity  of  slip  containing  20  per  omt  of  Georgia  kaolin. 

of  the  size  of  the  efflux,  which  was  ^  instead  of  -^  inch,  as  recom- 
mended by  Bleininger.  This  reduction  in  size  of  efflux  is  necessary 
in  determining  the  viscosity  of  slips  containing  a  small  percentage 
(less  than  25  per  cent)  of  solids.  All  viscosity  determinations  made 
by  the  writer  are  based  on  the  volume  of  water  that  ran  through  the 
^inch  efflux  tube  in  117  seconds,  which  is  to  be  understood  when 
mention  is  made  of  viscosity  determinations  throughout  this  report. 
The  viscosities  of  all  clay  suspensions  are  computed  in  terms  of  wat^r 
by  dividing  their  observed  time  of  flow  by  117. 

a  BIdninger,  A.  V.,  Use  of  sodium  salts  in  purification  of  clays  and  in  tbe  casting  process:  Tech.  Paper 
51,  Bureaa  of  Standards,  Sept.  26, 1915,  p.  20. 
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Figure  2  shows  the  effect  of  alkalies,  acids,  and  salts  upon  the 
viscosity  of  a  Georgia  kaolin  slip  containing  20  per  cent  clay.  From 
these  curves  it  is  seen  that  caustic  soda  caused  the  greatest  drop  in 
viscosity  of  any  of  the  reagents  used,  the  viscosity  reaching  a 
well-defined  minimuTn  with  an  addition  of  0.075  per  cent  of  this 
reagent.  On  further  additions  of  caustic  soda  the  viscosity  at  once 
increased.  In  the  case  of  sodium  silicate  and  sodium  carbonate  the 
decrease  in  viscosity  was  not  as  great  as  that  caused  by  additions 
of  caustic  soda.  Also  the  minimum  viscosity  is  not  reached  until 
0.10  per  cent  of  sodium  silicate,  or  0.125  per  cent  of  sodium  carbonate, 
is  added  to  the  clay-and-water  system.  A  mixture  consisting  of 
50  per  cent  NajCOg  and  50  per  cent  NajSiO,  caused  a  smaller  drop 
in  viscosity  than  either  of  these  reagents  alone,  the  minimum  viscosity 
being  reached  with  0.10  per  cent  of  the  mixture.  Neither  sodium 
carbonate,  sodium  silicate,  or  a  mixture  of  the  two  showed  any  tend- 
ency to  increase  the  viscosity. 

In  the  case  of  the  coagulating  agents  hydrochloric  acid  showed  the 
greatest  coagulating  tendency,  the  mixture  reaching  a  well-defined 
maximum  viscosity  upon  the  addition  of  0.2  per  cent  of  the  reagent. 
Acetic  acid  and  alum  did  not  increase  the  viscosity  as  much  as  hydro- 
chloric acid,  the  maximum  viscosity  produced  by  these  reagents  being 
1.384  and  1.376,  respectively,  as  compared  to  1.401  produced 
by  hydrochloric  acid;  but  they  were  much  more  active  in  coagulating 
the  day  particles  below  0.05  per  cent  additions.  The  addition  of 
0.4  per  cent  of  acetic  acid,  or  0.3  per  cent  of  alum,  was  necessary  to 
reach  the  maximum  viscosity. 

In  the  case  of  sulphuric  acid  the  maximum  viscosity  of  1.393  was 
reached  with  the  addition  of  0.275  per  cent  of  the  reagent. 

EFFECT  UPON   SEDIMENTATION.  ' 

It  is  also  a  well-known  fact  that  additions  of  small  amoimts  of 
alkalies  tend  to  hold  the  clay  in  suspension  or  in  a  state  of  defloccula- 
tion  which  corresponds  to  decreasing  viscosity,  while  acids  and  salts 
have  the  opposite  effect  upon  the  slip,  causing  a  more  rapid  settling 
of  the  clay  particles.  The  slip  is  then  said  to  be  in  a  state  of  floccu- 
lation,  which  corresponds  to  an  increase  of  viscosity. 

CONTBOL  OF  THE  VISCOSITY  OF  CLAY  SUP. 

The  fact  that  alkalies  when  added  to  clay-and-wa  ter  systems  increase 
the  dispersion  of  the  system  with  residting  decrease  in  viscosity  and 
increased  suspension  of  the  day  particles  makes  this  principle 
directly  applicable  to  the  purification  of  Georgia  kaolins,  for  the 
impurities  in  the  Georgia  kaolins  are  coated  with  day,  which  fact 
makes  it  impossible  to  settle  the  impurities  out  without  a  great 
loss  of  day,  but  when  the  day-and-water  system  is  dispersed  they 
are  then  free  to  settle.    Also  the  consequent  increased  suspension 
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of  the  clay  particles  gives  a  longer  time  in  which  impurities  may 
settle  before  the  process  becomes  uneconomical  owing  to  the  set- 
tling of  clay.  The  success  of  any  kaolin-refining  process  making 
use  of  these  facts  depends  upon  the  technical  control  of  the  viscosity 
of  the  clay-water  system.  Therefore  a  study  of  the  factors  affecting 
both  the  initial  and  the  minimum  viscosity  was  made  imder  the 
conditions  of  a  commercial  washing  plant. 

FAcrroBS  AFFECTING  THE  mrriAL  viscosrrr. 

It  is  a  well-known  fact  that  present-day  kaolin-refining  methods^ 
are  not  only  wasteful  but  very  inefficient,  which  is  shown  clearly 
by  viscosity  tests  performed  by  the  writer  at  Dry  Branch,  Ga. 
These  tests  not  only  point  out  the  cause  of  inefficiency,  but  show 
why  better  results  have  not  been  obtained. 

VARTINO  CLAY  CONTENT. 

Without  some  mechanical  means  of  controlling  the  amount  of  clay 
going  into  the  washer,  wide  variations  in  the  percentage  of  day  in 
the  slip  will  occur.  These  variations  are  sometimes  very  great,  as 
is  shown  in  the  table  following,  which  shows  the  variation  in  clay- 
and-water  content  of  the  slip  during  a  period  of  one  month.  From 
the  data  in  this  table  it  is  seen  that  the  percentage  of  clay  varied 
from  0.6  to  12.7  per  cent,  with  an  average  of  7.64  per  cent  for  the 
month.  These  tests  were  made  at  all  hours  of  the  day  and  under 
varjing  conditions  of  weather,  temperature,  mining  operations,  and 
other  changing  factors,  so  that  the  average  of  7.64  per  cent  of  clay 
represents  the  average  conditions  found  in  the  washing  plant.  It 
can  be  readily  seen  that  this  wide  range  in  composition  of  slip  will 
affect  both  the  quantity  and  the  quality  of  the  product. 

Table  2. — Percentages  of  day  and  water  in  slip  during  one  month  of  operation. 


Date. 

Hour. 

Water. 

Clay. 

Date. 

Hour. 

Water. 

Clay. 

(1916) 

Percent. 

Percent. 

(1916) 

Percent. 

Percent. 

Mar.  20 

9.00  a.iii. 

90.0 

10.0 

Apr.    7 

8.15  a.m. 

95.4 

4.6 

24 

10.00  a.m. 

91.6 

8.4 

9.45  a.m. 

93.9 

6.1 

11.00  a.iiL 

92.7 

7.3 

10.00  a.m. 

96.0 

4.0 

25 

9.00  a.iii. 

93.6 

6.4 

11.00  a.m. 

94.4 

5.6 

10.00  a-m. 

90.2 

9.8 

8 

6.45  a.m. 

91.8 

8.2 

1.00  p.iii. 

93.6 

6.4 

8.15  a.m. 

m.9 

11.1 

26 

8.00  a.iii. 

92.4 

7.6 

8.30  a.m. 

94.2 

5.8 

10.00  a.m. 

93.6 

6.4 

8.45  a.m. 

94.5 

5.5 

12.00  a.m. 

94.0 

6.0 

1.30  p.m. 

91.5 

8.5 

27 

8.00  a.m. 

92.0 

&0 

9 

8.30  a.m. 

88.9 

11.1 

10.00  a.m. 

91.8 

8.2 

10.00  a.m. 

92.7 

7.3 

29 

8.00  a.m. 

94.8 

5.2 

2.00  p.m. 

01.8 

&2 

31 

11.80  a.m. 

95.6 

4.4 

10 

8.00  a.m. 

90.5 

9.5 

Apr.    1 

8.00  a.m. 

91.7 

&3 

9.00  a.m. 

87.3 

12.7 

2 

9.30  a.m. 

93.0 

7.0 

10.30  a.m. 

03.9 

6.1 

3 

2.45  p.m. 

95.5 

4.5 

11.30  a.m. 

80.4 

10.6 

5 

7.30  a.m. 

99.4 

a6 

12 

7.15  a.m. 

86.5 

13.5 

8.00  a.m. 

92.2 

7.8 

14 

6.30  a.m. 

93.4 

6.6 

9.00  a.m. 

94.2 

5.8 

8.00  a.m. 

91.4 

8.6 

10.00  a.m. 

88.7 

11.3 

15 

•  5.00p.m. 

88.6 

11.4 

1.30  p.m. 

9a9 

9.1 

16 

10.00  a.m. 

89.6 

10.4 

1.45  p.m. 

94.7 

5.3 

10.30  a.m. 

95.2 

4.8 

6.00  p.m. 

91.8 

8.2 

1.00p.m. 

91.8 

8.2 

7 

7.15  a.m. 

91.8 

8.2 

4.00  p.m. 

91.2 

8.8 

Average,  7.64  per  cent  clay. 
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DSOREE  OF  BLUNGING. 


The  effect  of  different  degrees  of  blunging  on  the  initial  viscosity 
is  shown  in  curves  1,  5,  and  4  o^  figure  3.  Curves  1  and  S  were 
plotted  from  viscosity  tests  of  slips  taken  direct  from  the  washer 
or  blunger  of  the  plant  at  which  the  tests  were  made,  the  tests 
of  curve  S  being  made  in  dry  weather  while  those  of  curve  1  were 
made  in  wet  weather.  From  these  two  curves  it  is  seen  that 
there  is  a  decided  increase  in  viscosity  of  clay  treated  during  wet 
weather.  This  increase  is  due  to  the  fact  that  the  clay  is  wet  and 
sticky  as  it  enters  the  washer,  which  in  turn  decreases  the  blunging 
action  of  the  washer,  causing  a  decrease  in  the  dispersion  of  the  clay 
particles  with  consequent  increase  in  viscosity.    It  is  a  well-known 
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FiGUBX  3.— Effects  of  moisture  in  clay  used,  blongfaig,  and  additions  of  alum,  on  Georgia  kaoUn  slip,  i, 
test  made  during  wet  weather;  «,  water  contained  0.03  per  cent  alum;  5,  test  made  during  dry  weather; 
4,  nndried  day  blunged  2  hours  in  ball  mill;  5,  bone-dry  day  blunged  in  small  chum. 

fact  at  kaolin-refining  plants  that  the  clay  will  not  settle  as  quickly 
in  wet  weather  as  in  dry  weather,  and  alum  is  used  to  pi*ecipitate  the 
clay.  This  fact  seems  to  be  contradictory  to  the  above  statements, 
but  the  reason  for  the  slow  rate  of  setthng  is  not  due  to  increased 
dispersion  but  to  the  decreased  percentage  of  clay  in  the  slip. 

The  effect  of  increased  blunging  action  is  shown  in  curve  4  of 
figure  3.  The  slips  for  this  test  were  made  from  clay  taken  direct 
from  the  mine  during  dry,  weather,  blunged  in  a  baU  mill  for  two 
hours,  screened  through  a  120-mesh  sieve,  and  then  tested.  From 
this  curve  it  is  seen  that  increased  blunging  causes  an  increased  drop 
in  the  viscosity,  owing  to  increased  dispersion. 
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PRBDBTIMO. 

Curve  5  of  figure  3  shows  the  effect  of  drying  clay  before  blimgiug 
with  water.  These  tests  were  made  by  blunging  bone-dry  clay  with 
water  in  a  small  household  chum.  The  curve  shows  that  drying 
produces  still  greater  dispersion  with  resulting  low  viscosity. 

U8B  OF  AL17M. 

The  tests  represented  by  ciunre  i  of  figure  3  were  made  m  dry 
weather,  but  the  feed  water  contained  about  0.03  per  cent  of  alum. 
From  this  curve  it  is  evident  that  small  percentages  of  alum  will 
greatly  increase  the  viscosity,  the  effect  of  the  alum  becoming  more 
pronoimced  as  the  percentage  of  solids  in  the  slip  increases. 

THE  EFFECT  OF  VARYING  VISOOSTTT  ON  CAPAOTTY  OF  WASHING  PLANT. 

The  capacity  of  a  washing  plant  depends  on  the  maximum  flow 
of  water  through  the  washer  and  the  percentage  of  clay  held  in 
suspension  at  the  maximum  viscosity  at  which  precipitation  of  im- 
purities is  not  retarded. 

This  masdmum  permissible  viscosity  will  vary  to  some  extent  with 
cla3^  from  different  deposits  and  can  be  determined  only  by  close  ob- 
servation of  a  nmnber  of  settling  tests  of  slips  of  varying  viscosities. 
In  most  cases  a  viscosity  of  about  1.094  will  be  the  maximum.  How- 
ever, it  is  advisable  to  run  at  a  viscosity  a  little  lower  than  the  maxi- 
mum, a  viscosity  of  1.068  being  safe  practice. 

The  maximum  amount  of  water  that  will  flow  through  the  ordinary 
rectangular  washer,  10  feet  long,  4  feet  high,  and  4  feet  wide,  without 
overflowing  and  produce  maximum  dispersion  under  given  blunging 
conditioim  depends  on  the  condition  of  the  clay  entering  the  washer, 
whether  wet  or  dry,  lumpy  or  disintegrated.  Under  the  present-day 
conditions  of  kaolin  refining,  where  the  clay  goes  into  the  washer  in 
large  lumps,  the  maximum  flow  is  about  1,200  cubic  feet  per  hour. 

It  has  been  shown  that  a  number  of  factors  affect  the  percentage 
of  clay  contained  in  a  sfip  of  a  given  viscosity.  Therefore  these  fac- 
tors tend  to  increase  or  decrease  the  capacity  of  a  washing  plant, 
according  to  whether  they  decrease  or  increase  the  viscosity  of  the 
slip.  For  example,  suppose  the  plant  is  operating  under  dry-weather 
conditions  and  maintaining  a  constant  viscosity  of  1.094;  the  sUp 
will  then  contain  10.8  per  cent  of  soKds,  but  under  wet-weather  con- 
ditions the  slip  will  contain  only  7.4  per  cent  of  clay,  a  decrease  in 
capacity  of  31  per  cent,  whereas  if  the  clay  has  first  been  dried  the 
slip  will  contain  16.2  per  cent  soHds,  an  increase  in  capacity  of  50 
per  cent  over  dry-weather  conditions. 

527fi0<»— ] 
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FACTORS   AFFECTING  MINIMUM  VISCOSITY. 

As  the  previous  tests  showed  that  caustic  soda  produces  the  great- 
est dispersion  in  Georgia  kaolin  sUp,  it  was  used  in  commercial  tests 
of  kaolin  refining,  and  it  was  found  that  not  all  of  the  factors  affect- 
ing the  initial  viscosity  had  an  effect  on  the  degree  of  dispersion  or 
the  minimum  viscosity  produced  by  small  additions  of  alkalies. 

DBOBBE  OF  BLUNOINO. 

It  is  seen  upon  comparing  the  curves  of  figure  4,  plotted  from  tests 
made  in  dry  weather,  with  those  of  figure  5,  plotted  from  tests  made 
in  wet  weather,  that  the  d^ree  of  dispersion  or  minimum  viscosity 
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Figure  4.— Effect  of  caustic  soda  on  viscosity  of  Georgia  kaolin  slips  under  dry-weather  conditioDs.    Fig. 

ures  on  right  show  percentage  of  clay  in  slip. 

of  sUps  having  the  same  clay  content  is  the  samC;  regardless  of  the 
wide  diflFerence  in  initial  viscosity.  For  example:  From  the  curve  in 
figure  4,  representing  a  sHp  which  contained  9.6  per  cent  of  clay,  it  is 
seen  that  the  initial  viscosity  is  1.059  and  the  minimum  1.025,  whereas 
the  curve  shown  in  figure  5,  representing  a  slip  containing  9.4  per 
cent  solids,  shows  an  initial  viscosity  of  1.145,  but  the  same  miniTmim 
of  1.025. 

Comparison  of  results  shown  by  the  curves  of  figure  6,  which  were 
plotted  from  tests  of  slips  blunged  in  a  ball  mill,  with  those  of  the 
curves  shown  in  figure  4,  indicates  that  similar  conditions  prevailed. 
Although  there  was  a  large  drop  in  initial  viscosity,  the  minimum 
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viscosity  is  the  same  for  slips  containing  the  same  percentage  of  day. 
Therefore  the  amount  of  blmiging  has  no  effect  on  the  degree  of 
dispersion  or  minimnm  viscosity  oi  a  slip  of  given  clay  content. 


PBSDRYINO. 


The  curves  shown  in  figure  7  were  plotted  from  tests  with  shps  of 
Georgia  kaolin  which  had  been  previously  dried  to  ''bone  dryness" 
on  the  top  of  steam  pipes.  By  comparing  these  curves  with  those  of 
%ure  4,  it  is  seen  that  predrying  the  clay  decreases  the  initial  vis- 
cosity— ^in  slips  containing  less  than  15  per  cent  clay — to  that  of  the 
minimum  viscosity.     In  other  words,  when  the  sUp  contains  15  per 
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Fiouuc  5.— Effect  of  caustic  soda  on  viscosity  of  Georgia  kaolin  slips  under  wet-weather  oonditioiiB.    Fig- 
ures on  right  show  percentage  of  clay  in  slip. 

cent  or  less  of  clay,  predrying  is  just  as  eflFective  in  increasing  disper- 
sion as  additions  of  caustic  soda,  but  predrying  is  far  more  expensive 
than  using  the  electrolyte.  However,  on  adding  caustic  soda  to  such 
slips  the  viscosity  is  decreased  still  further,  but  the  drop  is  very  small. 
As  the  minimum  viscosity  is  not  changed  by  the  amount  of  blung- 
ing, and  only  slightly  by  severe  predrying  conditions,  the  capacity 
of  a  plant  using  a  dispersing  agent  will  be  constant  under  such 
changing  operating  conditions. 

USE  OF  ALXm. 

The  results  of  tests  made  with  slips  containing  a  small  percentage 
(0.03  per  cent)  of  alum  are  shown  by  the  curves  in  figure  8.  By  com- 
paring these  curves  with  those  of  figure  4  it  is  seen  that  alum  raises 
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the  initial  yiscosity,  increases  the  amount  of  caustic  soda  necessary 
to  produce  minimum  yiscoeity,  and  decreases  the  degree  of  dispersion. 
Therefore  the  presence  of  a  flocculating  agent  such  as  alum  in  the 
feed  water  is  very  objectionable  to  a  successful  application  of  the 
technical  control  of  disperse  systems  in  kaolin  refining. 

BEFZNINO  KAOLIN  BT  TBGHZHCAL  CONTBOL  OF  DISFEBSS  SYSTEM. 


SEDIMENTATION  PROCESS. 


From  laboratory  experience  and  from  suggestions  made  by  Ashley, 
Bleininger,  and  others,  it  appears  that  the  best  method  of  utilizdng 
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FI0X7BB  0.— EflMt  of  caustic  soda  on  viscosity  of  Georgia  kaolin  slips  blunged  in  ball  mill. 

caustic  soda  as  a  deflocculating  agent  in  kaolin  refining  is  as  follows: 
Sufficient  caustic  soda  to  cause  maximum  deflocculation  or  mini- 
mum  viscosity  is  added  to  the  clay  and  water  in  the  washer.  Hie 
deflocculated  sUp  is  run  through  the  settling  troughs,  screeiled,  and 
collected  in  the  concentration  tank,  where  it  is  allowed  to  stand  long 
enough  for  the  impurities  to  settle  out.  The  shp  is  then  siphoned 
into  another  tank  and  a  flocculating  agent  added  in  order  to  coagu- 
late the  clay  particles  and  concentrate  the  shp  for  filter  pressing. 

However,  the  results  of  a  number  of  tests  conducted  in  a  small 
concrete  tank  6  feet  square  and  2  feet  deep  showed  that  settling  out 
the  impurities  in  large  tanks  was  not  an  economical  process.  The 
time  required  to  settle  out  the  impurities  through  a  large  quantity 
of  slip  was  comparatively  long,  being  about  two  hours,  and  in  the 
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meantime  much  clay  had  also  settled,  which  had  to  be  thrown 
away  with  the  impurities.  Also  several  inches  of  slip  had  to  be  left 
in  the  bottom  of  the  settling  tank  when  the  slip  was  drawn  off  to 
prevent  some  of  the  impnre  material  being  sucked  up.  Aside  from 
the  large  loss  of  clay  caused  by  use  of  such  a  method,  the  continuity 
of  the  refining  process  is  stopped,  which  adds  to  the  operating  costs. 

THE  ELTJTRIATION  OB  SLIMING  FBOCESS. 

Experiments  on  settling  out  the  impurities  in  troughs  were  next 
carried  on.  A  new  set  of  troughs  was  built  for  this  piurpose  and 
after  a  number  of  changes  in  width  and  length  of  the  last  trough,  good 
results  were  obtained.    The  elutriation  process  consists  of  11  different 
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FiQinuB  7.— Efleet  of  oaustie  soda  on  Georgia  kaolin  slips  made  from  predried  clay. 

operations  which  are  as  follows:  (1)  Storage  and  disintegration,  (2) 
fading,  (3)  blunging,  (4)  dispersion,  (5)  sliming,  (6)  coagulation, 
(7)  screening,  (8)  concentration,  (9)  filter  pressing,  (10)  drying,  and 
(11)  crushing. 

STORAGE  AND  BI8INTBGRATI0N. 

The  clay  should  be  broken  into  lumps  no  larger  than  a  man's  fist 
and  most  of  the  clay  should  be  much  finer.  In  order  to  disintegrate 
the  day  in  this  manner  it  is  necessary  to  have  a  storage  shed  of  at 
least  500-ton  capacity,  because  during  rainy  weather  the  day  as 
mined  from  the  pit  is  too  sticky  to  be  broken  up. 

AH  washing  plants  should  have  a  storage  shed  for  the  crude  clay 
regardless  of  the  method  of  washing  employed,  for  it  has  been  shown 
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that  the  capacity  of  the  plant  will  vary  greatly  with  the  condition  of 
the  day  entering  the  washer  unless  it  is  dispersed  with  an  alkali. 
However,  few  kaolin  refining  plants  have  a  storage  shed;  therefore 
the  writer  wishes  to  emphasize  the  fact  that  the  first  thing  to  be  con- 
sidered in  constructing  a  washing  plant,  if  constant  conditions  are  to 
be  maintained  with  resulting  uniform  product,  is  a  well-constructed 
storage  shed  of  sufficient  capacity.  The  disintegrator  should  be  of 
the  centrifugal  roll  type,  as  this  type  works  best  with  highly  plastic 
clays. 


FBBDDfO. 


It  has  been  shown  that  the  quantity  of  caustic  soda  required  to 
produce  maximum  dispersion  depends  upon  the  percentage  of  clay 
in  the  slip;  therefore  it  is  expedient  to  have  a  constant  flow  of  clay 


1.282 


8 
p 


1.240 


1.107 


1J54 


1.1U 


1.088 


1.025 


1.000 


• 

y" 

nA 

V 

^ 

\ 

y 

\ 

y 

• 

\ 

N 

V 

y 

//5- 

\ 

\ 

s_ 

y 

^ 

\ 

V 

— 

_^ 

9.2' 

^^ 

^ 

s 

— 

^ 

-^ 

1 

- 

-= 

^ 

^ 

— 

— ■ 

0.0 


0.06 


0.10 


0.35 


0.40 


0.4< 


0.16  0.20  0.26  0.30 

NaOH  ADDED,  PER  CENT. 
FiouBB  8.— Effect  of  caustic  soda  on  Georgia  kaolin  slips  containing  0.03  per  cent  of  alum. 

into  the  washer.  The  best  way  to  obtain  a  constant  flow  is  by  the 
use  of  a  clay  feeder  of  the  disk  type.  No  feeder  will  deliver  clay  to  a 
washer  with  any  uniformity  unless  the  clay  has  been  previously 
crushed  into  small  lumps;  hence  the  necessity  of  using  a  disintegrator. 
One  type  of  feeder  ia  shown  in  Plate  IV,  A. 

BLUNGING   AND  DISPERSION. 

Blunging  and  dispersion  will  be  discussed  together  as  they  are 
very  closely  related. 

Blunging  the  clay,  water,  and  alkaU  is  one  of  the  most  important 
steps  in  the  washing  process,  and  too  much  emphasis  can  not  be 


A.    DISK  CLAY  FEEDER. 


B.    CONCRETE  WASHER  OR  BLUNQER. 
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laid  upon  this  operation.  Double  blunging  or  washing  is  necessary 
to  obtain  complete  dispersion  and  in  the  case  of  some  very  tough  and 
tenacious  clays  that  resist  blunging  it  will  be  necessary  to  use  three 
washers  in  order  to  get  complete  separation  of  the  clay  particles  and 
impurities. 

It  is  advisable  to  add  the  caustic  soda  to  the  slip  in  the  second 
blunger,  because  if  the  flow  of  clay  or  water  should  be  increased  or 
decreased  the  clay  content  of  the  sUp  can  be  calculated  from  viscosity 
or  specific-gravity  tests  of  the  slip  leaving  the  first  washer,  and  the 
flow  of  standard  causti&-soda  solution  can  be  so  regulated  as  to  pro- 
duce maximum  dispersion  imder  the  changed  flow  of  clay  or  water. 
In  case  the  maximum  permissible  viscosity  is  exceeded  the  process 
should  be  stopped.  In  order  that  there  will  be  no  serious  stoppage 
of  the  flow  of  day  or  water  into  the  washer  there  should  be  a  storage 
bin  of  about  8-ton  capacity,  placed  above  the  clay  feeder,  and  the 
water  fed  into  the  washer  by  a  No.  5  centrifugal  pump.  This  pump 
should  be  set  below  the  level  of  the  bottom  of  a  large  concrete  wate]> 
supply  tank,  about  30  by  15  by  8  feet,  so  that  the  water  will  run 
direcdy  into  the  ptmip  and  prevent  it  from  sucking  air,  which 
necessitates  priming  the  pump. 

TTFES  OF  WASHBB8. 

The  rectangular  washer  used  in  nearly  all  washing  plants  has 
proved  very  successful  in  blunging  the  clay,  but  the  power  consump- 
tion has  been  very  high,  owing  to  faulty  construction.  The  concrete 
washer  illustrated  in  figure  9  and  shown  in  operation  in  Plate  IV,  B 
will  give  efficient  results,  and  the  cost  of  repairs  on  this  type  of  washer 
will  be  much  lower  than  on  the  rectangular  wooden  box  ordinarily 
used,  as  it  can  be  easily  relined  without  the  necessity  of  rebuilding 
the  whole  washer. 

ADDITION  OF  CAUSTIC  SODA. 

A  standard  solution  of  caustic  soda  is  made  up,  and  this  solution 
is  run  into  the  second  washer  at  a  constant  rate  of  about  10  cubic 
centimeters  per  second,  which  is  obtained  by  aUowing  the  solution  to 
run  through  an  efflux  tube  one-eighth  of  an  inch  in  diameter.  This 
efflux  tube  is  placed  about  2  inches  from  the  bottom  of  the  caustic 
soda  supply  tank  so  that  it  will  not  be  easily  clogged  by  any  material 
that  has  settled  to  the  bottom  of  the  tank.  The  supply  tank  should 
also  be  equipped  with  two  auxiliary  efflux  tubes  of  smaller  diameter 
for  regulating  the  quantity  of  caustic  soda  if  the  flow  of  clay  is 
changed.  The  tank,  which  should  have  a  capacity  of  150  gallons, 
should  be  made  from  alkali-resisting  material,  such  as  enameled 
steel,  and  should  contain  an  agitator.  The  head  or  top  of  the  tank 
should  be  made  air-tight  in  order  that  the  effect  of  the  varying 
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head  due  to  the  lowering  of  the  level  of  the  solution  can  be  overcome 
by  the  application  of  Mariotte's  principle  of  the  flow  of  liquid  from 
an  immersed  tube,  a  constant  flow  of  standard  solution  into  the  washer 
being  thus  obtained. 
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The  figures  given  above  for  the  rate  of  flow  of  standard  caustic  soda 
solution  and  for  the  size  of  the  main  efflux  tube  are  someidiat  arbi- 
trary and  can  be  changed  to  suit  different  conditions. 
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STRENGTH  OF  CAUSTIC-SODA  SOLUTION. 

The  proper  strength  of  caustic  soda  solution  to  use  will  depend  on 

the  rate  at  which  the  solution  is  allowed  to  flow  into  the  washer 

and  the  rate  at  which  the  day  is  fed  to  the  washer.     For  example^ 

if  5  tons  of  clay  is  being  fed  to  the  washer  every  hour,  then  6  X  2000  X 

0.00075,  or  7.5,  pounds,  of  caustic  soda  will  have  to  be  added  every 

hour  to  produce  complete  dispersion.     Now,  if  the  rate  of  flow  of  the 

solution  is  10  cubic  centimeters  per  second,  every  cubic  centimeter  of 

7  5  X  454  5 
standard  solution  will  have  to  contain     '  ^^      '  «=  0.094  gram  of 

caustic  soda. 

Therefore  the  normal  solution  is  -^ vtt N  =  2.35N. 

40 

8IJMINO. 

After  thorough  blunging  and  complete  dispersion  the  slip  is  run 
through  the  elutriation  troughs.  The  troughs  used  by  the  writer 
with  good  success  do  not  differ  from  the  ordinary  mica  troughs  used 
at  present  in  most  washing  plants,  except  that  a  long  fan-ehaped 
trough  is  added  at  the  end  of  the  series  of  troughs. 

This  trough  should  be  at  least  125  feet  long,  2  feet  wide  at  the 
inlet,  and  the  width  at  the  discharge  end  should  be  such  as  to  pro- 
duce a  depth  of  sUp  of  not  over  1  inch.  The  trough  should  be  con- 
structed with  great  care,  for  the  bottom  must  be  perfectly  level  both 
lengthwise  and  crosswise  and  the  sides  very  smooth,  as  too  great  a 
frictional  resistance  to  the  flow  causes  coagulation  of  the  shp  along 
the  sides  and  results  in  faster  flow  through  the  center  of  the  trough. 
The  bottom  of  the  trough  should  be  rough  and  uniform  in  texture, 
because  on  a  smooth  bottom  the  slip  tends  to  roll  the  imptuities 
along,  and  on  an  uneven  bottom  the  sHp  tends  to  thicken  aroimd 
the  spots  of  most  resistance,  causing  it  to  flow  too  fast  in  other  parts 
of  the  trough.  The  best  material  of  which  to  construct  these  troughs 
is  concrete,  and  by  proper  sizing  of  the  aggregate  and  proper  trowel- 
ing the  required  surfaces  can  be  obtained. 

There  will  be  less  tendency  for  the  clay  particles  to  coagulate 
around  spots  of  greater  resistance  if  the  slip  is  agitated  before  it 
enters  the  last  trough.  This  can  be  easily  done  by  having  the  fan- 
shaped  trough  lower  than  the  others  and  then  running  the  slip  over 
riffles  as  it  passes  from  the  narrow  troughs  into  the  fan-shaped  one. 
(See  fig.  10.) 

COAGULATION. 

As  the  slip  comes  from  the  troughs  it  is  stiU  in  a  state  of  maximum 
deflocculation  and  therefore  can  not  be  concentrated  as  the  exceed- 
ingly fine  particles  would  not  settle  even  after  weeks  of  standing. 
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Furthermore,  any  attempts  at  filter-pressing  the  slip  as  it  comes  from 
the  sliming  troughs  would  he  futile  for,  aside  from  the  fact  that  the 
quantity  of  water  to  he  removed  would  be  so  great  that  the  process 
Would  not  he  practicable,  the  alkaline  condition  of  the  slip  with  the 
resulting  dispersion  of  the  clay  particles  would  make  filter-pres^ng 
almost  impossnble,  as  the  exceedingly  fine  particles  would  tend  to 


£WD  V/£IV 
FiauBB  10.— DailED  of  Hosting  trDDghs. 

cl<^  the  filter  cloth  and  what  water  did  run  through  would  be  very 
turbid.  Therefore  it  is  necessary  to  add  some  flocculating  or  coagu- 
lating agent.  Alum  is  usually  used  for  this  purpose,  but  in  case  the 
waslung  plant  is  using  the  water  from  the  concentration  tanks  and 
filter  presses  orer  and  over  again  alum  can  not  be  used,  as  a  very 
small  proportion  (0.02  per  cent  or  less)  in  the  feed  water  decreases  the 
effect  of  caustic  soda  and  consequently  increases  the  amount  of  BOdB 
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necessary  to  cause  maximum  dispersion.  If  just  enough  sulphuric 
acid  is  added  to  neutralize  the  caustic  soda,  the  slip  is  brought  back 
to  its  normal  state. 

The  sulphuric  acid  solution  should  be  the  same  strength  as  the 
caustic  soda  solution,  and  it  should  be  added  to  the  slip  in  the  same 
manner.  Under  these  conditions  perfect  neutraUzation  will  result 
and  there  will  not  be  an  excess  of  caustic  soda  left  to  cause  trouble 
in  settling  and  filter-pressing  or  an  excess  of  sulphuric  acid  left  to 
cause  trouble  in  blunging  and  dispersion.  The  sulphuric  acid  solu- 
tion is  added  to  the  slip  at  the  point  where  it  leaves  the  sliming 
troughs.  After  the  addition  of  the  acid  the  slip  is  run  through  a 
long  narrow  trough,  say  50  feet  by  1  foot  by  2  feet,  containing  a 
number  of  riffles  for  mixing  the  acid  solution  with  the  alkaline  slip. 
The  bottom  of  this  trough  should  have  a  drop  of  at  least  1  foot  in 
50  in  order  to  cause  a  rapid  flow. 

8CRBBNINO. 

After  the  slip  is  neutralized  by  adding  sulphuric  acid  it  is  advisable 
to  run  it  through  a  rotary  screen  of  about  120  mesh.  This  screen 
will  remove  any  chips  of  wood  or  other  foreign  materials  that  float  on 
the  top  of  the  slip;  it  also  acts  as  an  agitator  in  case  some  of  the 
alkaline  slip  has  not  been  completely  neutralized.  Care  should  be 
taken  that  practically  all  of  the  acid  has  combined  with  the  caustic 
soda  before  reaching  the  screen,  as  any  excess  of  acid  will  act  upon 
the  screen  doth  and  shorten  its  life. 

CONCENTRATION. 

The  concentration  of  the  shp  is  best  accomplished  by  running  the 
neutral  slip  into  large  concrete  tanks  (see  fig.  11)  60  feet  long,  30  feet 
wide,  and  6  feet  deep,  where  it  is  allowed  to  stand  long  enough  for 
the  day  to  precipitate;  then  the  supernatant  hquid  is  drawn  off,  the 
time  of  settling  governing  the  thickness  of  the  shp.  However,  after 
about  96  hours  the  amount  of  precipitation  is  exceedingly  small  and 
in  general  72  hours  is  sufficient  for  the  concentration  of  the  sUp. 
This  concentrated  shp  is  then  run  into  a  small  retaining  tank,  or, 
better  still,  is  pumped  into  the  filter  presses  direct  from  the  concen- 
tration tanks. 

FILTEB-PRB88INO. 

Under  present  conditions  of  kaoUn  refining  the  filter-pressing  of 
the  thickened  clay  sUp  has  given  more  trouble  than  all  the  rest  of  the 
washing  operations.  The  troubles  have  been  numerous  and  varied, 
and  have  been  partly  due  to  the  type  of  filter  press  used,  poor  or 
clogged  filter  doth,  too  thin  a  sUp,  condition  of  clay  particles,  whether 
dispersed  or  coagulated,  and  other  factors.     In  view  of  these  facts 
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numerous  attempts  have  been  made  to  devise  other  methods  of  dry- 
ing the  clay,  but  to  the  writer's  knowledge  none  has  proved  more 
efficient  than  the  filter  press.  The  osmose  purification  process  used 
in  England  ^  eliminates  the  filter  press,  but  it  is  doubtful  whether 
the  apparatus  would  meet  conditions  in  this  country. 
Bleininger^  says: 

If  the  electrical  contmuoua  separatioii  can  xeplace  the  filter  preea  economically  its 
use  would  be  justified.  To  a  laige  extent  it  would  be  a  matter  of  the  comparative 
econ(»ny  of  the  riectrical  endosmose  appaiatus  and  the  filter  press.  If  the  latter 
ahould  be  improved^  as  has  been  done  in  the  so-called  clamshell  press,  it  is  quite 
poflBible  that  the  economic  advantage  might  remain  with  the  filter  press. 

One  of  the  chief  sources  of  trouble  in  filter-pressing  highly  plastic 
clay  slips  is  a  slip  that  has  not  been  suffidently  concentrated.  In 
other  words,  the  clay  has  not  been  allowed  time  to  settle,  owing, 
perhaps,  to  lack  of  t£^  capacity.  The  slip  for  filter-pressing  should 
contain  at  least  30  per  cent  of  clay.  It  must  be  remembered  that  in 
order  to  force  this  thick  day  slip  into  the  presses  the  pumps  must 
be  bdow  the  bottom  of  the  tank  from  which  they  are  drawing  the 
sHp;  as  the  ordinary  filter-press  pump  will  not  successfully  lift  a  thick 
clay  slip. 

DBYINO. 

The  drying  of  the  filter-press  cakes  is  best  accompUshed  in  a  timnel 
drier  heated  by  exhaust  or  live  steam.  During  the  summer  months 
open-air  driers  can  be  used  to  good  advantage. 

CRUSHIKO. 

The  filter-press  cakes  after  being  thoroughly  dried  are  crushed  into 
small  pieces  in  a  set  of  roUs. 

LAYOUT    OF  PLANT. 

The  plan  of  a  washing  plant  equipped  for  using  the  chemical 
process  is  shown  in  Plate  V. 

COST  OFTHB  CAXTSTIC  SODA  AND  SULFHUBIC  AOID  TBBATHENT. 

The  extra  cost  over  present-day  methods  of  the  caustic  soda  and 
sulphuric  acid  refining  of  kaolins  may  be  divided  into  three  factors: 
(1)  First  cost,  maintenance,  and  operation  of  extra  mechanical 
equipment  required;  (2)  cost  of  chemicals;  (3)  chemist's  salary. 
These  costs,  on  the  basis  of  50  tons  of  clay  treated  per  day,  foUow. 

sOmiaxidy,  W.  R.,  Brtttth  clays  under  ttie  osmose  pnrification  process:  Trans.  Eng.  Cer.  Soc.,  vol.  13, 
1913-1914,  pp.  35-4a 

i  BMnfaiger,  A.  V.,  Use  of  sodium  salts  In  purification  of  clays  and  in  the  casting  process:  Tech.  Paper 
SI,  Bnreaa  of  Standards,  Sept.  25, 1915,  p.  19. 
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MECHANICAL  EQUIPMENT. 

The  extra  equipment  necessary  for  the  successful  operation  of  the 
process  is:  One  disk  clay  feeder,  one  washer,  extra  settling  trough, 
and  two  2(H)-gallon  tanks.  The  cost  of  operating  and  maintaining 
this  extra  equipment  will  be  about  $0.12  per  ton  of  clay  treated. 

CHEMICALS. 

With  caustic  soda  at  $0.03  per  pound  and  sulphuric  acid  $0,025 
per  pound,  the  cost  of  chemicals  will  be  $0.0825  per  ton  of  clay. 

CHEMIST. 

Successful  operation  will  depend  upon  careful  technical  control  of 
every  step  of  the  process.  It  will  therefore  be  necessary  to  have  a 
trained  chemist  available  at  all  times.  The  services  of  such  a  chemist 
will  approximate  $0.15  a  ton. 

The  extra  total  cost  will  therefore  be  about  $0.35  a  ton.  However, 
it  must  be  remembered  in  comparing  the  cost  of  the  new  with  the  old 
method  that  the  caustic  soda  and  sulphiuic  acid  process  increases  the 
capacity  of  the  plant.  For  example,  sUp  with  a  maximum  permissi- 
ble viscosity  of  1.094  contains  after  complete  dispersion  17  per  cent 
of  clay,  whereas  the  sUp  that  is  not  dispersed  contains  10.8  per  cent 
during  dry  weather  and  7.6  per  cent  during  wet  weather.  As  the 
average  percentage  of  clay  content,  under  the  present-day  methods, 
is  7.64  per  cent,  the  increase  in  capacity  will  be  123  per  cent,  which 
will  more  than  offset  the  increased  cost  of  operation. 

CONCLUSIONS  DBAWN  FBOM  BESTJLTS  OF  TESTS. 

The  application  of  the  new  process  of  treatment  to  kaolin  refining 
on  a  commercial  scale  is  thoroughly  practical  and  the  product  has  a 
piuity  impossible  to  attain  under  present  methods  of  refining.  In 
order  to  utilize  the  caustic  soda  sulphuric  acid  process  with  clay  such 
as  that  experimented  with  it  must  be  remembered  that : 

1.  The  day  and  water  must  be  fed  into  the  washer  at  a  uniform 
rate. 

2.  Double  blunging  or  washing  is  necessary.  Without  thorough 
blunging  the  process  is  doomed  to  failure. 

3.  The  caustic  soda  must  be  added  in  definite  quantities,  the 
amount  depending  upon  the  character  of  the  clay  and  the  quantity 
being  fed  to  the  washer. 

4.  A  constant  viscosity  of  about  1.068  must  be  maintained  at  the 
head  of  the  sliming  troughs  in  order  to  obtain  a  uniform  product. 
The  viscosity  should  never  exceed  1.094. 

5.  It  is  advisable  to  agitate  the  sUp  before  it  is  allowed  to  run 
through  the  fan-shaped  trough. 
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6.  The  last  sliming  or  settling  trough  should  be  fan-shaped;  at 
least  125  feet  long,  2  feet  wide  at  the  inlet,  7  feet  wide  at  the  discharge 
end,  and  perfectly  level  both  lengthwise  and  crosswise.  The  sides  of 
this  trough  should  be  very  smooth;  the  bottom  should  be  compara- 
tively rough  but  imiform  in  texture. 

7.  Sufficient  sulphuric  acid  to  neutralize  the  caustic  soda  should 
be  added,  and  no  more. 

8.  It  is  absolutely  necessary  to  have  a  chemist,  one  familiar  with 
clay  disperse  systems,  present  at  aJl  times,  for  it  is  impossible  to  make 
the  process  fool-proof. 

UTILIZATION  OF  REFINED  GEORGIA  KAOLIN. 

After  an  improved  process  of  kaolin  refining  has  been  worked  out, 
the  question,  "'Will  the  treated  clay  be  sufficiently  improved  so  that 
it  can  be  utilized  in  the  manufacture  of  the  finer  grades  of  ceramic 
wares  by  substituting  it  for  the  English  china  clay?"  at  once  arises. 
In  order  to  answer  this  question  several  tons  of  clay  was  refined  by 
the  new  process  at  the  plant  of  the  Georgia  Kaolin  Co.,  to  be  used  for 
test  purposes.  Owing  to  the  fact  that  during  the  refining  of  this 
day  the  flow  of  clay  into  the  washer  was  not  uniform  because  a  clay 
feeder  had  not  been  installed  and  the  amount  of  day  had  to  be  ap- 
proximately determined  by  viscosity  tests  taken  every  five  minutes, 
it  was  not  as  pure  as  would  be  obtainable  under  standard  conditions. 
However,  on  making  a  number  of  settling  tests  it  was  thought  that 
sufficient  improvement  had  been  made  to  warrant  some  preliminary 
tests  of  the  burned  color  of  the  clay. 

PBEUMDfABT  TESTS  TO  DETBEBIINB  PHYSICAL  PBOFEETOBS  AND 

CX>LOE. 


The  average  linear  shrinkage  of  the  washed  Greoi^a,  treated 
Georgia,  and  English  china  clays  are  given  in  the  table  following. 
The  shrinkage  was  determined  by  measuring  the  dry  length  and 
burned  length  of  a  5-centimeter  mark  placed  upon  10-centimeter  disks 
in  the  green  state.  These  disks  were  made  by  pressing  the  plastic 
claymto  plaster  molds.  The  disks  were  dried  at  110®  C.  and  the 
dry  lengths  measured,  then  fired  in  saggers  at  cone  10  in  the  kilns  of 
the  Mayer  China  Co.,  and  the  burning  shrinkage  determined. 
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Drying  shrinkage  and  burning  shrinkage  of  kaolin  didcs. 

Drying  Bumiiig 

Kaolins  tested.  shrinkage,         shrinkage, 

per  oent.  per  cent. 

English  china  clay 2. 32  4. 48 

Washed  Georgia  kaolin 4.38  a  12 

Treated  Georgia  kaolin...... 3.24  8.16 

The  table  shows  that  the  new  process  decreases  the  drying  shrink- 
age about  25  per  cent,  but  the  burning  shnnkage  is  about  the  same. 

COLOB  IN  WHTTB-WABE  BODIES. 

Some  preliminary  tests  on  the  use  of  the  treated  Geoi^a  kaolin 
in  white-ware  bodies  were  made  in  the  ceramic  laboratories  of  the 
Ohio  State  University,  Columbus,  Ohio.  The  purpose  of  these  tests 
was  to  determine  how  much  improvement  in  burning  color  the 
treated  clay  would  show  over  that  of  the  washed  Greorgia  kaolin 
when  made  into  glazed  white-ware  bodies,  and  also  the  approximate 
percentage  of  treated  Georgia  clay  that  could  be  substituted  for  the 
English  china  clay  in  a  white-ware  body  without  impairing  the  color 
of  the  glazed  body. 

MATERIALS   USED  IN  MAKING  BODIES. 

The  commercial  materials  used  in  this  investigation  were  as  follows: 

Feldspar. — Canadian  feldspar,  Pennsylvania  Feldspar  Co. 

Flint. — Pulverized  quartz  sand,  Ohio  Silica  Co. 

Florida  kaolin. — ^Edgar  Plastic  Kaolin  Co. 

English  china  clay. — ^Moore  &  Munger's  M.  W.  M.  No.  1. 

Ball  clay. — ^Tennessee  No.  9,  Johnson  &  Porter  Co. 

Washed  Georgia  kaolin. — Georgia  Kaolin  Co. 

Treated  Georgia  kaolin. — Georgia  Kaolin  Co. 

Whiting. — Gilders. 

The  analyses  of  these  materials  are  given  in  Table  3  following: 

Table  3. — Results  of  analyses  of  materials  used  in  tests. 


Constituent. 


SUica(Sl0,) 

Alumina  (AliOi) 

Iron  oxide  (FeiOi) 

Titanium  oxide  (TiOx) 

Lime(CaO) 

Magnesia  (M«;0) 

Potash  (KiO) 

8oda(Na«0) 

Ignition  loss 

C^bon  dioxide 


Total. 


Feld- 
spar. 


Percent. 

65.16 

18.65 

.10 

.00 

.18 

.00 

10.36 

4.31 

.32 

.00 


99.87 


FUnt. 


Percent. 
99.18 
.30 
.06 
.01 
.01 
.01 


.11 
.00 


99.58 


Florida 
kaolin. 


Percent. 

45.50 

89.30 

.05 

.00 

.00 

Ttaoe. 

.42 

.44 

14.20 

.00 


99.91 


English 
ohina 
(day. 


Percent. 

47.37 

37.86 

.31 

.04 

.00 

Itaoe. 

1.40 

.14 

12.60 

.00 


99.71 


BaU 
Clay. 


Percent. 

61.20 

32.10 

.73 

1.40 

.13 

.00 

.09 

.10 

18.76 

.00 


100.10 


Washed 
Georgia 
kaolm.<i 


Percent. 

45.53 

37.97 

.78 

1.56 

.06 

.13 


a  The  treated  < Georgia  kaolin  was  not  analyzed. 


13.60 


Whiting. 


Pereeni. 

1.30 

2.14 

.10 

.00 

54.40 

.00 

.00 

.00 

.00 

42.68 


99.65 


100.62 
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COMPOSITION   OF  THE   BODIES   USED. 

The  composition  of  the  seven  bodies  that  were  compounded  from 
the  above  white-burning  materials  is  given  in  Table  4. 

Tablb  4. — Compontion  of  bodies  uted. 


MaUrifti. 


Mdsptf 

Flint 

Fkrida  kaolin 

'tamesaee  ball  day 

Whiting 

EngUsb  china  day 

Washed  6«orria  kaolin, 
Treated  Geor^  kaolin. 


Proportion  uaed  in  body  No. 


Percfnt. 

15 

38 

7 

3 

2 

35 

0 

0 


100 


Percent. 

15 

38 

7 

3 

2 

23 

12 

0 


100 


Per  cent. 

15 

38 

7 

3 

2 

12 

23 

0 


100 


Per  cent. 

15 

38 

7 

3 

2 

0 

35 

0 


100 


Percent. 

15 

38 
7 
3 
2 

23 
0 

12 


100 


6 


Per  cent. 

15 

38 
7 
3 
2 

12 
0 

23 


100 


Percent. 

15 

38 

7 

3 

2 

0 

0 

35 

100 


PREPARATION  OP  THE   BODIES. 

The  materials  for  each  body,  consisting  of  8,000  grains,  were 
weighed  out  and  the  total  weight  checked  by  weighing  the  batch. 
Each  body  was  ground  wet  for  five  hours  in  a  porcelain-lined  ball 
mill,  sieved  through  a  120-mesh  screen,  and  divided  into  two  parts, 
one  part  being  used  for  casting  small  cups,  and  the  other  part  being 
dried  to  a  plastic  state  in  plaster  molds  lined  with  cheesecloth,  and 
after  the  clay  had  been  wedged  small  pots  like  flower  pots  were  made 
from  it  on  a  jigger. 

PREPARATION  OF  TEST  PIECES. 

The  bodies  were  made  up  into  48  test  pieces  each — 24  by  casting 
and  24  by  molding  on  a  jigger.  These  test  pieces  were  first  air-dried 
and  then  the  drying  was  completed  in  a  gas-fired  drier. 

BISCUIT  BURN. 

In  order  that  the  range  of  vitrification  of  the  test  pieces  would 
coyer  the  range  of  vitrification  of  commercial  white-ware  bodies, 
from  the  high  porosity  of  wall  tile  to  the  low  porosity  of  vitreous 
china,  one  half  of  the  pieces  were  biscuit  burned  at  cone  4  and  the 
other  half  at  cone  1 1 . 
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GLOSS  BURN. 

All  pieces  were  gloss  fired  at  cone  3.  The  glaze  and  frit  used  had 
the  foUowing  molecular  formula: 

Moleeular  eompomtion  of  glaze. 

0.25  PbO  1 

0.16  K,0  . 

0.05  Na,0  0.25  AlAJn  A  wn 
0.45  CaO  ^"-^  •  ^^» 

0.10  ZrOgJ 

Molecular  compotUion  of  frit. 

0.10  Na,OK       ,  ^j2.0  SiO, 
0.90  CaO  r^  ^*»"<0.4  BA 

The  glaze  was  applied  in  a  thick  coat  to  one  half  of  the  trials  by 
dipping  and  in  a  thin  coat  to  the  other  half  by  spraying. 

RESULTS  OF  TESTS. 
TEST  PIECES  BISCUrr-FIRBD  AT  CONE  12  AND  GLOSS-FIRED  AT  CONB  3. 

No  black  specks  were  observed  in  bodies  5,  6,  and  7,  containing 
treated  Geoigia  kaolin,  whereas  a  number  of  specks  appeared  in 
bodies  2,  3,  and  4,  especially  in  body  4,  which  contained  35  per  cent 
of  washed  Georgia  kaolin.  The  treated  Greoi^a  kaolin  bodies  had  a 
better  color  than  the  washed  kaolin.  Body  5  had  just  as  good  a 
color  as  body  1,  which  contained  English  china  clay,  while  body  6 
had  a  slight  creainy  tinge  and  body  7  a  decided  cream  color,  when 
compared  with  body  1 . 

TEST  PIECES  BISCUrr-FIBBD  AT  CONB  4  AND  OLOSS-FIBED  AT  CONB  8. 

A  few  black  specks  showed  in  body  4,  but  the  difference  in 
color  between  the  treated  and  washed  kaolin  bodies  was  only  slight 
at  this  heat  treatment.  Bodies  5  and  6  had  jiist  as  good  color  as 
body  1,  but  body  7  showed  a  very  slight  creamy  color  when  com- 
pared with  1 . 

CONCLXTSIONS  AS  TO  BESXTLTS  OF  COLOB  TBSTS. 

Glazed  white-ware  bodies  containing  the  treated  Georgia  kaolin 
have  a  whiter  color  than  those  containing  the  washed  Georgia  kaolin. 

Treated  Georgia  kaolin  can  be  substituted  for  at  least  40  per  cent 
of  the  English  china  clay  in  vitreous  china,  and  for  all  the  English 
china  clay  in  wall-tile  bodies  without  affecting  the  color  of  the 
product. 
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TESTS  IN  MAKING  TITWBOUS  CHINA. 

These  preliminary  tests  gave  indications  of  the  possible  commer- 
cial uses  of  the  treated  Georgia  clay  and  justified  further  tests  of 
substituting  it  for  Elnglish  china  clay.  In  order  that  the  tests  might 
be  made  under  conmiercial  conditions  of  white-ware  manufacture, 
they  were  conducted  at  the  plants  of  the  Beaver  Falls  Art  Tile  Co., 
the  Mayer  China  Co.,  and  the  Mosaic  Tile  Co.,  through  the  courtesy 
of  these  firms. 

The  commercial  tests  of  the  use  of  treated  Georgia  kaolin  as  a 
substitute  for  EngUsh  china  clay  in  vitreous  china  bodies  were  made 
at  the  Mayer  China  Co.  plant  at  Beaver  Falls,  Pa.  The  main  object 
of  these  tests  was  to  determine  whether  a  practicable  vitreous  china 
body  composed  entirely  of  American  materials  could  be  made. 

FBOCEDX7BB  IN  TB8T8. 
MATBBIAD3  USED. 

The  materials  used  in  this  investigation,  with  the  exception  of 
the  treated  Georgia  kaolin,  were  taken  from  the  stock  bins  of  the 
china  company.    The  following  materials  were  used: 

Feldspar. — ^Eureka  Flint  &  Spar  Co. 

Flint. — Ohio  Silica  Co. 

Florida  kaolin. — ^Edgar  Plastic  Kaolin  Co. 

EngUsh  china  clay. — ^Moore  &  Munger's  M.  G.  R.  No.  2. 

Ball  day. — ^Moore  &  Munger's  English  ball  clay. 

Treated  Georgia  kaolin. — Georgia  Kaolin  Co. 

COMPOSmON  OF  BODIES. 

The  percentage  composition  of  each  body  used  in  the  three  series 
of  tests  comprising  this  investigation  are  given  in  Table  5  following: 
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PREPARATION   OF  BODIES. 

The  weight  of  each  mgredient  taken  was  determined  from  the 
percentage  composition,  figured  on  the  basis  of  an  8,000-gram 
batch  for  each  body.  After  weighing  and  checking  the  total  weight 
by  weighing  the  batch  1.2  grams  of  cobalt  sulphate  was  added  for  a 
stain,  and  the  bodies  blunged  in  the  ordinary  wet  way  in  porcelain- 
lined  ball  mills.  The  bodies  in  series  A  were  groimd  for  only  five 
hours,  but  after  the  bodies  of  this  series  were  biscuited  it  was  found 
that  the  blunging  was  insufiScient  to  give  the  desired  imiform  texture 
to  each  body;  therefore  the  bodies  of  series  B  and  C  were  blunged 
for  20  hours.  After  thorough  grinding,  the  bodies  were  passed 
through  a  120-mesh  sieve  and  dried  to  a  plastic  condition  in  plaster 
molds  lined  with  cheesecloth.  As  soon  as  the  bodies  were  sufficiently 
dry  they  were  wedged  on  a  marble  slab,  and  then  each  body  was 
made  up  into  10  disks  10  centimeters  in  diameter  for  shrinkage  and 
absorption  tests,  and  twelve  5-inch  plates  for  color  comparisons. 
Twenty-four  wedge-shaped  pieces  for  translucency  tests  were  also 
made  from  each  body  of  series  B  and  C.  These  pieces  were  allowed 
to  dry  for  about  12  hours  and  then  fettled. 

BISCUIT  BURN. 

The  finished  pieces  were  placed  in  saggers  in  tne  ordinary  commercial 
way,  and  placed  in  the  second  ring  of  the  biscuit  kiln.  The  pieces  in 
series  A  and  B  were  burned  to  cone  10,  but  those  in  series  C  were 
burned  only  to  cone  9,  owing  to  the  lower  temperature  in  the  kiln  in 
which  the  test  pieces  of  this  series  were  burned. 

GLAZING. 

The  glaze  and  frit  used  had  the  following  molecular  formula: 

Molecular  composition  of  glaze. 


0. 058  K3O 
0. 207  NajO 
0. 530  CaO 
0. 205  PbO 


0.275AlAg^|^», 


Molecular  compodHon  ofjrit. 

a  031  k!6  jo.  272  AlA  [l  ^  |^^» 
0.  697  CaO   J  ^"-  ^^  ^'"» 

Eight  kilograms  of  the  above  glaze  was  ground  in  the  ordinary  wet 
way  for  60  hours  in  a  porcelain-Uned  ball  miU,  passed  through  a  120- 
mesh  sieve,  and  flocculated  or  thickened  by  the  addition  of  0.18 
per  cent  CaCl,,  calculated  on  the  basis  of  dry  weight.  The  thickened 
glaze  was  then  appUed  to  the  biscuited  plates  by  dipping  in  the 
ordinary  commercial  way. 
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GLOSS  BURN. 

The  glazed  pieoes  were  gloss  fired  at  cone  1  in  the  gloss  kilns  of  the 
company. 

BBSULTS  OF  TB8T8. 

The  physical  and  pyrophysical  properties  of  the  different  bodies 
shown  in  Table  5  were  compared  with  those  of  body  20,  which  was 
represented  to  the  writer  by  Mr.  Ernest  Mayer  as  being  a  practicable 
vitreous  china  body.  The  physical  and  pyrophysical  properties 
studied  were  as  follows:  Working  properties,  drying  shrinkage, 
burning  shrinkage,  absorption,  transluscency,  and  color. 

The  working  properties  of  the  bodies  were  studied  as  regards  the 
ease  which  the  ware  was  formed  in  the  jigger  without  flawing. 

The  drying  shrinkage  and  total  shrinkage  were  determined  by 
measuring  the  dry  and  burned  lengths  of  5-centimeter  marks  placed 
on  the  10-centimeter  disks  while  in  the  green  state.  The  dr3dng  and 
total-shrinkage  data  given  in  Table  5  are  expressed  ia  percentage  of 
green  length.  The  burning  shrinkage  was  calculated  by  subtracting 
the  percentage  of  drying  shrinkage  from  the  percentage  of  total 
shrinkage. 

The  absorption  data  were  obtained  by  weighing  the  dry  disks 
and  then  soaking  them  in  distilled  water  for  48  hours  and  again 
weighing.  The  average  absorptions  given  in  Table  5  are  expressed 
in  percentages  of  dry  weight. 

The  translucency  was  determined  by  measuring  the  thickest 
part  of  the  wedge-shaped  piece  through  which  light  would  pass. 
The  average  translucencies  are  given  in  centimeters  in  Table  5. 

SERIES  A  TESTS. 

The  purpose  of  the  tests  in  series  A  was  to  study  the  direct  substi- 
tution of  treated  Georgia  kaolin  for  English  china  clay  in  a  practical 
vitreous  china  body 

CONCLUSIONS  FROM  BBSTTI/TB  OF  SSRIBS  A. 

As  the  proportion  of  treated  Georgia  clay  was  increased  the  working 
properties  of  the  body  were  improved,  the  drying  and  burning 
shrinkages  and  the  absorption  were  iacreased.  This  decreased  vitri- 
fication of  the  Georgia-kaolin  bodies  is  not  due  to  the  difference  in 
fineness  of  grain  of  the  English  and  Georgia  clays,  as  is  commonly 
thought,  for  the  Georgia  kaolin  is  much  finer  grained  than  the 
English  china  clay,  but  is  probably  due  to  the  low  alkali  content  of 
the  Georgia  kaolins. 

The  colors  of  bodies  21,  22,  and  23  were  just  as  good  as  that  of 
body  20,  whereas  body  24  showed  a  slight  cream  color,  therefore  only 
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aoout  50  per  cent  of  the  English  china  clay  in  an  ordinary  vitreous 
china  body  can  be  replaced  by  this  treated  Georgia  kaolin  before  the 
color  of  the  glassed  product  is  impaired. 

SERIES   B   TESTS. 

The  tests  in  series  B  were  designed  to  obtain  a  body  of  low  ab- 
sorption and  still  containing  the  maximum  percentage  of  treated 
Georgia  kaolin.  For  this  purpose  the  feldspar  content  in  bodies  26 
and  27,  and  the  whiting  content  in  bodies  28  and  29  were  increased. 

CONCLUSIONS  FROM  RESULTS  OF  SERIES   B. 

The  working  properties  of  the  four  bodies  of  this  series  were  very 
good.  The  burning  shrinkage  was  increased,  with  residting  de- 
creased absorption  and  increased  translucency.  The  color  of  all 
the  bodies  of  this  series  was  just  as  good  as  that  of  body  20.  Body 
29  was  a  good  vitreous  china  body  of  high  translucency. 

SERIES  C   TESTS. 

The  purpose  of  the  tests  of  series  C  was  to  study  the  effect  of 
substituting  treated  Georgia  kaolin  for  ball  clay,  and  magnesite  for 
part  of  the  whiting.  Owing  to  the  decreased  biscuit  heat  the  bodies 
of  this  series  had  an  abnormally  high  absorption  and  low  trans- 
lucency, as  may  be  seen  by  comparing  the  data  for  bodies  29  and  29b, 
Table  6.  These  two  bodies  had  the  same  comoosition  but  were 
biscuit-burned  with  different  heat  treatments. 

CONCLUSIONS  FROM  RESULTS  OF  SERIES  C. 

Substituting  treated  Georgia  for  ball  clay,  decreased  the  drsdng 
and  burning  shrinkage  and  increased  the  absorption.  The  trans- 
lucency was  increased  regardless  of  the  decrease  in  vitrification. 

Magnesite  had  a  greater  fluxing  action  than  whiting,  as  is  seen  by 
comparing  the  absorption  of  body  31  with  that  of  34. 

A  direct  substitution  of  Geoi^ia  clay  for  ball  clay  maae  the  body 
too  short,  and  therefore  greater  amoimts  of  Georgia  kaolin  must  be 
used,  as  compared  with  ball  clay,  to  produce  a  practicable  vitreous 
chuia  body.  Bodies  32  and  33,  containing  17  per  cent  and  20  per 
cent  of  Georgia  kaolin,  respectively,  had  good  plasticity,  and  worked 
well  in  the  jigger,  whereas  bodies  30  and  31.  which  contained  13.5 
and  15  per  cent,  were  too  short. 

Bodies  31,  32,  33,  and  34  of  series  C  had  a  much  better  color  than 
bodies  20  and  29  of  series  B,  which  contained  ball  clav.  Bodies 
33  and  34  had  the  best  color  of  those  in  series  C,  which  was  evidently 
due  to  the  substitution  of  magnesite  for  50  per  cent  of  the  whiting. 
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OBNBBAL    COKCLXrSZOKS    AS   TO    FBACmCABILITY    OF    3CAXING 

CmKA  FBOX  GEOBGIA  CULTS. 

A  commercial  vitreous  china  body  could  not  be  obtained  by  the 
direct  substitution  of  refined  Georgia  kaolin  for  English  china  clay, 
but  the  fluxes  had  to  be  increased  to  obtain  the  desired  degree  of 
vitrification. 

The  substitution  of  treated  Georgia  kaoUn  for  all  the  ball  day  and 
50  per  cent  of  the  English  china  clay  produced  a  body  (No.  33)  of  good 
working  quahties  and  as  good  a  color  as  the  whitest  commercial  ware 
and  of  a  far  better  color  than  most  vitreous  chinaware  on  the  market. 

Body  33  contained  8  per  cent  of  Florida  kaolin,  13.5  per  cent  of 
English  china  clay,  and  20  per  cent  of  treated  Georgia  kaoUn.  As  far 
as  color  is  concerned,  more  than  20  per  cent  of  treated  Geoi^a  kaolb 
can  be  used  in  bodies  containing  no  ball  clay,  but  the  writer  is  of  the 
opinion  that  if  more  than  20  per  cent  were  added  the  temperature  of 
the  biscuit  heat  would  have  to  be  increased  in  order  to  obtain  the 
desired  vitrification,  as  an  increase  in  percentage  of  fluxes  over  that 
in  body  33  would  reduce  the  toughness  of  the  ware.  As  toughness  is 
an  important  factor  in  high-grade  vitreous  china  or  hotel  china,  20 
per  cent  of  treated  Georgia  kaolin  is  about  the  maximum  proportion 
that  can  be  used  in  this  class  of  ware.  In  order  to  produce  a  vitreous 
china  body  containing  only  American  clays  it  would  be  necessary  in  a 
body  such  as  No.  33  to  substitute  for  the  13.5  per  cent  of  English 
china  clay  a  domestic  kaolin  that  is  as  easily  vitrified  as  the  English 
china  clay  and  having  as  good  a  burning  color. 

MAOTJFACTCBE  OF  WALL  TILE. 

The  commercial  tests  of  the  substitution  of  treated  Georgia  clay 
for  Enghsh  china  clay  in  wall  tile  were  made  at  the  factories  of  the 
Beaver  Falls  Art  TUe  Co.,  Beaver  Falls,  Pa.,  and  the  Mosaic  Tile  Co., 
Zanesville,  Ohio.  As  the  tests  at  the  Beaver  FaUs  plant  were  of  a 
preliminary  nature  they  will  be  discussed  first. 

PBBUMINABY  TESTS. 

The  purpose  of  the  preliminary  tests  at  Beaver  Falls  was  to  deter- 
mine the  maximum  proportion  of  Geoigia  clay  that  could  be  used  in  a 
commercial  wall  tile.    The  tests  made  at  the  Ohio  State  University 

me 

showed  that  at  least  comparatively  large  proportions  coidd  be  used  in 
bodies  of  high  absorption  before  the  color  was  affected.  What  effect 
a  large  proportion  would  have  on  other  pyrophysical  properties  of 
wall  tile  had  next  to  be  determined. 
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HATBBIALS  USED. 

The  materials  used  in  this  investigation  were  as  follows: 

English  china  clay. — ^Moore  &  Munger's  M.  W.  M.  No.  2. 

Ball  day. — Kentucky  No.  4. 

Florida  kaolin. — ^Edgar  Plastic  Kaolin  Co. 

Flint. — ^Pennsylvania  Pulverizing  Co. 

Feldspar. — ^Pennsylvania  Feldspar  Co. 

Treated  Georgia  kaolin. — Georgia  Kaolin  Co. 

As  these  tests  were  to  form  the  basis  of  larger  commercial  tests  at 
the  Mosaic  Tile  Co.  plant,  it  was  thought  advisable  to  determine  the 
fineness  of  grain  of  the  flint  and  feldspar  in  order  that  the  shrinkage 
and  absorption  coidd  be  controlled  on  changing  to  a  different  feldspar 
and  flrat.  The  mechanical  analyses  were  made  with  a  Schultze  elu- 
triation  apparatus  ^  having  an  overflow  of  80^  c.  c.  per  minute,  and  are 
given  in  Table  6. 

Table  6. — Results  of  mechanical  analyses  of  feldspar  and  flint. 


Residue. 


Reridue  on  Steves: 

Onl20-iiieBh 

On  IsOiiieBli 

On20i>-flifl8li 

Onaao-mesh. 

Qn330-me6h 

Baidue  from  etatriator  Jen: 

InNo.lJer. 

InNo.2lar 

InNo.SJer 

Overflow  from  No.  3  Jar. 


Average 
diameter 
of  grain. 


Mm. 
0.186 
0.U7 
0.110 
a  0766 
0.578 

0.084 
a  0187 
0.010 


Feldspar 

in 
lesldiie. 


Percent. 
0.46 
0.00 
7.60 
10.70 
0.86 

20.84 
0.60 

ia80 

20.84 


Flint  in 
residue. 


Pereeni. 
0.60 
0.42 
1.56 
0.30 
4.32 

25.74 
18.00 
10.06 
20.40 


COMPOSmON   OF  BODIES. 


The  percentage  composition  of  the  bodies  compounded  from  the 
above  white-burning  materials,  and  the  physical  properties  of  the 
bodies  are  shown  in  Table  7. 


0  For  dtaoriptlon  of  apparatus,  see  Watts,  A.  S. ,  Mining  and  treatment  of  feldspar  and  kaolin  in  the 
soatiMni  Appalachian  region:  Bull.  53,  Bureau  of  Mines,  1913,  p.  46. 
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Table  7. — Comporition  and  phynoal  properties  of  bodies  used  in  tests. 

COMPOSITION. 


Item. 

Series  A,  body  No.— 

Series  B,  body  No.— 

Series  C,  body  No.— 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Feldspar 

Peret. 
15.0 
40.0 
10.0 
15.0 
20.0 

Peret. 
15.0 
40.0 
10.0 
15.0 
15.0 
5.0 

Peret. 
15.0 
40.0 
10.0 
15.0 
10.0 
10.0 

Peret. 
15.0 
40.0 
10.0 
15.0 
5.0 
15.0 

Peret. 
15.0 
40.0 
10.0 
15.0 

Peret. 
13.0 
40.0 
11.0 
16.0 

Peret. 
12.0 
40.0 
11.0 
16.0 
5.0 
16.0 

Peret. 
11.0 
40.0 
12.0 
15.0 

"26.6* 
1.0 
1.0 

PereL 
12.0 
40.0 

Peret. 
12.0 
40.0 

PereL 
12.0 

Flint 

40.0 

Florida  kaolin 

Kentucky  ball  clay .... 
English  china  clay 

15.0 
33.0 

15.0 

Treated  Georgia  kaolhi. 
Whiting 

20.0 

20.0 

33.0 

48.0 

Magneslte 

PHYSICAL  PROPERTIES. 


Shrinkage 

9.70 

6.75 

D 

9.57 

7.52 

D 

9.37 

7.98 

D 

9.15 

8.70 

D 

8.51 

9.65 

D 

6.39 

12.44 

B 

6.10 

12.65 

B 

6.76 
12.27 
B 

6.74 

10.02 

C 

4.60 
13.86 
C 

3.41 

Absorption 

17.70 

Shade  (color)  a 

A 

o  Comparatiye,  A  is  the  whitest  shade,  D  the  darkest. 


PREPARATION   OF   BODIES. 


The  weight  of  each  ingredient  to  be  taken  was  determined  from 
the  percentage  composition,  figured  on  the  basis  of  a  10-kilogram 
body,  and  the  total  weight  was  checked  by  mixing  the  ingredients 
and  weighing  the  batch.  The  bodies  were  blimged  for  five  hours  in 
a  small  blimger  constructed  from  an  ice-cream  freezer;  then  the  slip 
was  passed  through  a  120-mesh  sieve  and  filter-pressed  in  a  small 
laboratory  press.  The  press  cakes  were  dried  at  110®  C.  and  then 
groimd  to  pass  a  20-mesh  sieve.  Thirteen  per  cent  of  water  was 
added  to  the  ground  body,  which  was  then  thoroughly  mixed  by 
hand,  and  the  moist  clay  reground  in  a  small  dust  mill  to  pass  a 
30-mesh  sieve.  The  finely  ground  clay  was  stored  in  stoneware  jars 
and  aUowed  to  stand  overnight. 

MAKING  THE  TILE. 

The  bodies  were  pressed  into  standard  6  by  3  inch  tile  on  an  ordi- 
nary hand  screw  press.  In  order  to  obtain  uniform  pressing,  all 
bodies  were  pressed  by  the  same  experienced  pressman.  Thirty  tile 
were  pressed  from  each  body  and  divided  into  six  sets  of  five  tile 
each  for  distribution  in  different  sections  of  the  kiln. 


BISCUIT   BURN. 


The  tile  were  set  in  saggers  in  the  ordinary  manner.  Each  sagger 
contained  five  tile  of  each  body  composition,  and  were  distributed 
in  the  kiln  as  foUows:  A,  bottom  of  first  ring,  just  above  bog  waU; 
B,  top  of  first  ring;  C,  bottom  of  second  ring;  D,  top  of  second  ring; 
E,  bottom  of  third  ring;  G,  top  of  third  ring. 
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A  plate  containing  Seger  cones  Nos.  9,  10,  11;  and  12  was  placed 
in  each  sagger.  The  heat  treatment  ihat  the  bodies  in  different  sec- 
tions of  the  kiln  received  was  as  follows: 

Temperatures  in  different  sections  of  ib'Zn,  as  shoton  by  Seger  cones. 


Kiln  section. 

Cone  No. 

KUnseotkm. 

Cone  No. 

A 

13 
11 
11 

D 

10 

0 

12 

B 

E 

C 

G 

The  bum  was  made  in  an  ordinary  down-<lraft  Rivers  kUn.  The 
variation  in  temperature  shown  in  the  above  table  was  due  to  a 
change  in  burners. 

QLOSS  BUBN. 

One  tile  of  each  body  composition  from  each  section  of  the  biscuit 
kibi  was  glazed  with  the  regular  glaze  used  by  the  company.  The 
glaze  was  applied  by  dipping. 

VrrBIFICATION. 

A  study  of  the  vitrification  was  made  by  the  determination  of 
average  absorptions  and  shrinkages.  The  absorption  was  deter- 
mined by  soaking  the  biscuited  tiles  in  distilled  water  for  48  hours 
and  calculating  the  percentage  of  water  absorbed  by  each  tile  on  the 
basis  of  the  dry  weight  of  the  tile.  The  shrinkage  was  determined 
by  measuring  tlie  length  of  the  burned  tile  and  expressing  the  differ- 
ence between  the  green  length  Gength  of  die)  and  the  burned  length 
in  terms  of  percentage  of  green  length.  The  different  heat  treatments 
which  the  test  pieces  in  different  sections  of  the  kiln  received  had  a 
decided  effect  on  the  absorption  and  shrinkage.  This  may  be  em- 
phasized by  the  actual  results  of  tests  with  body  18,  which  were  as 
follows: 

Results  of  absorption  and  shrinkage  tests  toith  body  18. 


TUe  in  kiln  sec- 
tion— 

Average 
absorption. 

Average 
shrinkage. 

A 

Percent. 

7.94 
10.19 

9.76 
10.66 
12.30 

9.29 

Percent. 
7.43 
6.90 
6.88 
6.55 
5.83 
6.88 

B 

C 

D 

B 

Q 

The  average  shrinkage  and  absorption  for  each  body  have  been 
given  in  Table  7. 
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DETERMINATION  OF  OOLOR. 

As  there  is  no  standard  method  of  measuring  the  shade  or  color  of 
a  wall  tile,  the  shade  of  the  glazed  trials  was  determined  by  compar- 
ison. The  results  are  given  in  Table  7,  A  being  the  whitest  shade 
and  D  the  darkest. 

RESULTS  OF  TESTS. 

The  purpose  of  the  tests  in  series  A^  Table  7,  was  to  study  the 
effect  of  substituting  treated  Georgia  kaolin  for  English  china  day. 
The  results  show  that  as  the  content  of  Georgia  kaolin  was  increased 
the  vitrification  was  decreased;  but  no  change  in  color  was  noted. 
All  the  bodies  of  this  series  had  too  high  a  shrinkage  and  too  liyw  an 
absorption  for  practical  wall  tile,  as  most  commercial  wall  tile  have 
a  shrinkage  of  about  4.5  per  cent  and  an  absorption  of  14  per  cent. 

The  tests  in  series  B,  Table  7,  were  designed  to  decrease  the  vitrifi- 
cation shown  by  members  13  and  14  of  series  A.  The  data  show  that 
the  shrinkage  was  reduced  and  the  absorption  increased,  but  not 
sufficiently  to  approximate  those  of  commercial  wall  tile.  An  im- 
provement in  color,  owing  to  decreased  vitrification,  was  noted. 
Introducing  1  per  cent  of  whiting  and  1  per  cent  of  magnesite  did  not 
improve  the  color  of  the  tile. 

The  purpose  of  series  C,  Table  7,  was  to  further  reduce  the  vitrifi- 
cation by  substituting  treated  Georgia  clay  for  Florida  kaolin  and 
ball  clay.  The  results  speak  for  themselves.  In  bodies  18  and  19 
33  per  cent  of  treated  Georgia  kaolin  was  substituted  for  33  per  cent 
of  English  china  clay  without  impairing  the  color  of  the  glazed  prod- 
uct. Another  interesting  fact  was  the  improvement  in  color  caused 
by  substituting  treated  Georgia  kaolin  for  ball  clay  in  body  20,  and 
ia  spite  of  the  fact  that  the  content  of  Georgia  kaolin  was  48  per  cent 
of  tie  body  composition.  The  shrinkage  and  absorption  of  body  19, 
consisting  of  12  per  cent  feldspar,  40  per  cent  flint,  15  per  cent  Ken- 
tucky ball  clay,  and  33  per  cent  treated  Georgia  kaolin,  approxi- 
mated that  of  commercial  wall  tile,  and  was  therefore  used  as  a  basis 
for  further  investigations  of  wall-tile  bodies. 

LABGE-SCALE  TESTS. 

In  the  preliminary  tests  at  the  Beaver  Falls  plant  the  treated  Geor- 
gia kaolin  gave  such  promise  of  being  an  ideal  clay  for  wall-tile  man- 
ufacture that  large  commercial  tests  were  thought  advisable.  These 
tests  were  carried  on  at  the  plant  of  the  Mosaic  Tile  Co.,  Zanesville, 
Ohio. 

MATERIALS. 

The  materials  used  in  this  investigation  were  as  follows: 
Flint. — Pennsylvania  Pulverizing  Co. 
Feldspar. — ^Pennsylvania  Pulverizing  Co. 
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Florida  kaolin. — ^Edgars  Plastic  Kaolin  Co. 

Ball  clay. — Cooley  ball  day. 

Treated  Georgia  kaolin. — Georgia  Kaolin  Co. 

COMPOSITION   OF   BODIES. 

The  percentage  composition  and  physical  properties  of  the  bodies 
included  in  this  investigation  are  given  in  Table  8. 

Table  8. — Composition  andphytical  properties  of  bodies  used  in  large-scale  tests, 

COMPOSITION. 


Item. 

Series  A, 
body  No.— 

Series  B,  body  No.  — 

Series 

bojy 
No.^ 

43 

44 

4ao 
oao 

14.0 
11.0 

ao 

35.0 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

Flint percent.. 

Fdd^ do.... 

Oonkwall  stone do 

40.0 
13.0 

ao 

12.0 

ao 

35.0 

4ao 

13.0 

ao 

U.0 

ao 

8S.0 

4ao 

14.0 

4ao 

14.0 

4ao 

14.0 

4ao 

15.0 

40.0 
16.0 

37.5 
14.0 

35.0 
14.0 

35.0 

14.0 

35.0 
13.0 

Florida  keoUn do 

11.0 
S5.0 

6.0 
5.0 

35.0 

Bell  day do.... 

Treated    Oeorgia    kaolin, 
per  ont 

11.0 
35.0 

5.0 

4ao 

44.0 

> 

13.5 
36.0 

lao 

35.0 

lao 

41.0 

14.0 
38.0 

PHYSICAL  PROPERTIES. 


SJvinkace. percent.. 

Breaking  strength.pounds. . 
lUtaitreshade  (color) 

3.00 

17.70 

45.0 

A 

3.00 

18.00 

52.0 

A 

5.28 

17.00 

66.1 

5.44 

17.10 
55.5 

5.02 

15.10 

68w5 

6.40 

14.25 

81.0 

6.56 

14.10 

71.7 

7.20 

15.10 

76.5 

6.88 

14.74 

85.0 

7.84 
14.21 
100.8 

7.52 

15.37 

87.0 

4.67 
14.40 

7ao 

D 

PREPASATION   OF  BODIES. 

The  bodies  in  series  A  and  C,  consisting  of  3,000-pound  batches, 
were  prepared  as  follows:  The  total  batch  was  blunged  in  a  double 
blimger  for  one  hour  in  the  ordinary  wet  way  and  then  the  slip  was 
passed  through  a  120-mesh  vibrating  screen  into  an  agitator,  from 
which  it  was  pumped  into  the  filter  presses.  The  filter-press  cakes 
were  dried  in  a  tunnel  drier  heated  by  the  waste  heat  from  cooling  Idlns 
and  then  crushed  into  small  pieces  in  a  set  of  rolls.  About  1 1  per  cent 
of  water  by  weight  was  added  to  the  crushed  body  and  after  standing 
for  several  hours  it  was  finely  groimd  in  an  ordinary  dust  mill  of  the 
fan  type.  The  finely  ground  day  was  collected  in  a  large  storage  bin ; 
from  this  bin  it  was  taken  to  the  presses. 

The  batch  weight  of  the  bodies  in  series  B  was  only  8,000  grams, 
and  they  were  prepared  as  follows :  ( 1 )  The  ingredients  were  weighed 
out  and  the  total  weight  checked  by  weighing  the  batch.  The  clay 
was  (2)  blunged  in  porcelain-lined  ball  mills  for  1  hour,  (3)  sieved 
through  a  120-mesh  screen,  and  (4)  the  slip  concentrated  in  plaster 
absorption  bowls  lined  with  muslin,  and  dried  completely  in  a  drier. 
The  diried  day  was  (5)  crushed  to  pass  a  20-mesh  screen,  (6)  tempered 
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by  the  addition  of  1 1  per  cent  of  water  by  weight,  and  the  tempered 
clay  was  (7)  ground  to  pass  a  20-mesh  screen,  and  (8)  allowed  to 
stand  for  several  hours  in  a  covered  jar. 

MAKING  THE  TILE. 

The  bodies  were  pressed  into  3  by  6  inch  and  6  by  6  inch  tile  on  the 
power  presses  of  the  tile  company. 

BUKNING. 

The  tile  after  being  allowed  to  dry  for  about  four  days  were  set  in 
saggers  and  biscuit  burned  at  cone  11.  The  biscuited  tile  were  then 
glazed  with  the  regular  glaze  used  by  the  company  and  gloss  burned 
at  cone  02. 

BESULTS   OF  TESTS. 

The  absorption,  shrinkage,  and  color  data  given  in  Table  8  were 
obtained  in  the  same  manner  as  in  the  preliminary  tests.  The  break- 
ing strengths  given  in  this  table  were  obtained  by  determining  the 
weight  that  would  break  the  biscuited  tile  with  one  end  gripped 
between  two  steel  plates.  The  weight  was  suspended  2i  inches  from 
the  poiat  of  support. 

The  object  of  the  tests  in  series  A,  Table  8,  was  to  compare  the 
effects  of  feldspar  and  Cornwall  stone  in  wall-tile  bodies.  The  data 
in  the  table  show  that  it  takes  1  per  cent  more  Cornwall  stone  to  pro- 
duce the  same  vitrification,  but  the  stone  increases  the  strength  of 
the  body  about  15  per  cent.  The  bodies  of  this  series  had  too  high 
an  absorption,  too  low  a  shrinkage,  and  too  low  a  breaking  strength 
for  good  commercial  wall  tile. 

The  purpose  of  the  tests  in  series  B,  Table  8,  was  to  obtain  a  body  of 
higher  breaking  strength.  By  comparing  body  45  of  this  series  with 
body  43  of  series  A  it  is  seen  that  grinding  a  body  in  a  ball  mill,  instead 
of  blunging  it,  increased  the  shrinkage  but  had  little  effect  on  the 
absorption.  The  breaking  strength  was  greatly  increased  by  sub- 
stituting ball  clay  for  Florida  kaolin,  and  by  increasing  the  clay 
content  at  the  expense  of  the  flint  a  further  increase  in  strength  was 
obtained,  reaching  a  maximum  of  100.8  pounds  in  body  53.  As  none 
of  the  bodies  of  this  series  was  gloss  fired  no  relative  shade  or  color 
is  given  for  these  bodies. 

A  large  commercial  test  was  made  on  a  body  of  the  composition  of 
No.  54,  in  series  C  of  Table  8.  This  body  proved  to  be  a  good  com- 
mercial wall-tile  body.  The  low  breaking  strength,  70  poimds,  is 
due  to  the  fact  that  the  finely  ground  clay  was  too  dry  when  pressed. 
The  color  of  the  glazed  tile  was  as  good  as  that  of  some  of  the  leading 
wall  tile  on  the  market. 
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BODIES. 

Treated  Geoigia  kaolin  can  be  substituted  for  all  the  English  china 
content  and  a  part  of  the  ball-clay  content  in  clay  bodies  without 
impairing  the  color  of  the  burned  product. 

Cornwall  stone  makes  a  stronger  body  than  feldspar,  but  a  feldspar 
wall-tile  body  can  be  made  that  is  as  strong  as  any  commercial  wall 
tile  on  the  market,  provided  that  the  total  clay  content  is  at  least 
52  per  cent,  of  which  10  per  cent  is  ball  clay  and  the  other  42  per  cent 
is  treated  Georgia  kaolin. 
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THE  FUSIBILITY  OF  COAL  ASH  AND  THE  DETERMINA- 
TION OF  THE  SOFTENING  TEMPERATURE. 


By  Abno  C.  Fieldner,  Albert  E.  Hau.,  and  Alexander  L.  Fbild. 


nrTBODTTCTIOH. 

PITBPOSE  OF  INVESTIGATION. 

As  a  safeguard  against  excessive  clinker  troubles,  specifications  for 
the  purchase  of  coal  can  be  drawn  to  include  the  "  softening "  or 
"fusing"  temperature  of  the  ash.  The  value  of  such  information 
has  been  recognized  by  the  Bureau  of  Mines  and  has  induced  the 
bureau  to  investigate  laboratory  methods  of  determining  the  fusi- 
bility of  coal  ash,  and  the  bearing  of  the  results  on  clinker  formation 
in  fuel  beds.  The  bureau  realized  that  the  fusibility  of  a  mixture  of 
oxides  and  silicates  such  as  is  comprised  in  coal  ash  varies  according 
to  the  conditions  under  which  tests  are  made,  and  that  in  the  absence 
of  any  generally  accepted  method,  no  agreement  is  to  be  expected 
among  tests  made  in  different  laboratories.  Indeed,  Marks  <»  has 
recently  called  attention  to  differences  as  great  as  390°  C.  that  were 
obtained  with  the  same  sample  of  ash  by  two  different  laboratories. 
Therefore  if  a  fusion-temperature  clause  is  to  have  any  place  in 
specifications  for  coal,  a  standard  method  of  testing  should  be  adopted 
in  order  to  insure  comparable  results  by  different  laboratories  and  to 
obtain  the  softening  or  fusing  temperature  of  the  ash  under  condi- 
tions similar  to  those  of  a  fuel  bed.  After  a  consistent  method  has 
been  devised  for  obtaining  comparable  results  at  different  labora- 
tories, there  will  remain  the  correlation  of  these  results  with  those 
from  the  burning  of  coal  in  furnaces  before  the  value  of  fusibility 
tests  in  coal  specifications  can  be  finally  determined. 

SCOPE  OF  INVESTIGATION. 

The  present  publication  reviews  the  literature  on  the  subject  and 
gives  in  detail  the  effect  of  various  oxidizing,  reducing,  and  neutral 

« MarkB,  L.  S.,  The  clinkering  of  coal :  Power,  vol.  40,  1914,  pp.  932-934. 
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atmospheres  such  as  are  found  in  various  parts  of  the  fuel  bed  on 
the  softening  temperature  of  ash  when  molded  in  the  form  of  Seger 
cones.  As  a  result  of  this  study  a  practical  method  of  determining 
fusibility  has  been  developed  whereby  the  ash  is  caused  to  soften  and 
form  slags  in  which  the  iron  exists  in  approximately  the  same  state 
of  oxidation  as  the  iron  in  fuel-bed  clinkers. 

Although  it  is  believed  that  this  method  will  indicate  the  probable 
clinkering  characteristics  of  a  coal  better  than  any  fusion  tests  hereto- 
fore described,  the  bureau  does  not  recommend  the  general  use  of 
this  method  in  coal  specifications  until  it  is  justified  by  actual  trial 
in  furnace  tests  of  different  coals.  As  no  fusibility  test  of  a  well-mixed 
sample  of  the  average  ash  of  a  coal  takes  into  account  the  physical 
distribution  of  the  impurities  in  the  coal  as  burned,  much  additional 
investigation  is  needed  to  establish  the  exact  relation  of  these  labora- 
tory fusibility  tests  to  clinker  formation.  In  order  to  correlate  this 
proposed  test  of  minimum  softening  temperature  with  clinker  forma- 
tion, the  bureau  is  now  making  clinkering  tests  in  a  specially  designed 
experimental  furnace,  in  which  different  coals  having  ashes  that 
differ  in  fusibility  are  burned  under  similar  and  known  conditions 
of  combustion.  The  results  of  this  investigation  will  be  published 
in  a  subsequent  report.  In  the  meantime  it  is  hoped  that  other 
investigators  will  obtain  similar  correlation  data. 

HISTOEICAL  REVIEW. 

EUGENE  FBOST,  1895  AND  1887. 

Prost  ^  analyzed  the  ash  and  determined  the  temperature  of  fusion 
of  23  different  types  of  Belgian  coals.  The  fusion  tests  were  made 
by  placing  3  grams  of  finely  pulverized  ash  in  a  small  porcelain 
crucible  and  then  heating  it  for  definite  periods  of  time  at  four  dif- 
ferent temperatures,  namely,  1,100°,  1,250°,  1,400°,  and  1,600°  C 
The  temperatures  were  controlled  by  using  gold  and  platinum  alloys 
of  known  melting  points.  After  each  period  of  heating  the  ash 
was  examined.  The  progress  of  fusion  was  described  as  "barely 
fritted,"  "  fritted,"  "  strongly  fritted,"  "  incipient  fusion,"  or  "  fused.'' 

To  obtain  the  different  temperatures  Prost  used  three  different  fur- 
naces, as  follows:  (1)  A  Perrot  gas  furnace  which  gave  a  maximum 
temperature  of  1,100°  C. :  (2)  a  coke  furnace  which  gave  a  maxi- 

•  ProBt,  Eagene,  R^herches  inir  les  relations  exlstant  entre  1e  degr^  de  fnBiblllt^  et  U 
composition  des  cendres  de  hooUle :  Rev.  Univ.  Mln.,  t.  81,  1895,  pp.  87-98 ;  Monlt  Scl.. 
t  46,  1895,  pp.  560-565 ;  Sur  leR  relations  entre  la  composition  et  la  fnslbillt^  de« 
cendres  de  houille :  Bull.  Assoc.  Beige  ohim.,  t.  11,  1897,  pp.  119^126;  The  faslbllity 
and  composition  of  coal  cinders:  Coll.  Guard.,  vol.  70,  1896,  p.  796;  The  relation  be- 
tween composition  and  fuRiblllty  in  coal  ash:  Coll.  Guard.,  vbl.  74,  1897,  p.  602; 
Fusibility  of  coal  ash  determined  by  Its  composition  :  Coll.  Guard.,  voL  75,  1898,  p^  478. 
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mum  temperature  of  1^50^  or  1,400°  C,  according  to  the  method  of 
operation;  (3)  a  small  blast  furnace  of  fire  brick  which  gave  a  maxi- 
mum temperature  of  1,600°  C. 

In  furnaces  2  and  3  the  crucibles  containing  the  ash  samples  and 
the  alloy-temperature  indicators  were  placed  in  a  fire-clay  crucible 
with  a  wall  1  cm.  thick.  Coke  was  packed  around  this  crucible. 
Prost  calculated  from  the  chemical  analysis  the  refractory  quotient : 

O  in  AhOi     

^     O  in  CaO-f  O  in  FeaOa-hO  in  MgO 

OJn^iO,^ 

O  in  AI263 

for  23  Belgian  coal  ashes ;  he  found  that  in  general  the  fusing  tem- 
perature increased  with  the  value  of  Q.  There  were,  however,  several 
exceptions  to  the  calculated  results,  especially  for  ash  of  high  iron 
content.  Prost's  method  of  determining  relative  fusibility  was 
merely  approximate;  for  the  conditions  of  reduction  or  oxidation 
undoubtedly  varied  in  his  different  furnaces.  Also  his  estimate  of 
the  degree  of  fusion  on  mere  observation  of  the  appearance  of  the 
melt  in  a  crucible  would  necessarily  be  rather  indefinite,  for  judg- 
ment of  different  observers  would  vary. 

HENBY  LE  CHATELIEB,   1902. 

Le  Chatelier*  used  the  Seger-cone  method  for  determining  the 
relative  fusibility  of  different  coal  ashes.  He  burned  the  coal  in  a 
muffle  at  a  low  temperature,  ground  the  ash  fine,  and  then,  using 
starch  as  binder,  molded  the  ash  into  triangular  pyramids  50 
mm,  (2  inches)  high  and  15  mm.  (7%  inch)  wide  at  the  base.  These 
pyramids  were  ignited  to  destroy  the  organic  binder,  placed  in  a  gas 
furnace,  with  a  suitable  number  of  Seger  pyrometric  cones,  and 
slowly  heated  until  they  collapsed.  The  temperature  at  which  the 
vertex  of  a  pyramid  became  half  the  original  height  of  the  cone  was 
taken  as  the  softening  temperature.  Le  Chatelier  gives  no  data  on 
the  possibility  of  reducing  gases  from  the  furnace  atmosphere  acting 
on  the  iron  oxide  of  the  ash. 

J.   W.   COBB,   1004. 

Cobb*  ground  coal  ash  to  pass  a  100-mesh  sieve  or  to  an  impal- 
pable powder,  and,  using  dextrin  solution  for  binder,  made  the  ash 
into  four-sided  pyramids  3  inches  (76  mm.)  high  and  1  inch  (25  mm.) 
square  at  the  base.     Each  pyramid  was  mounted  with  one  face  ver- 

•  Le  Chatelier,  Henry,  tstade  but  la  fusibility  des  cendre  des  combustibles :  Bull.  Soc. 
L'Ind.  Nat.,  t.  102,  1902,  pp.  223-229.  Abstract  (Fusibility  of  thp  ashes  of  fuels)  in 
JoTir.  Soc.  Chem.  Ind.,  vol.  21.  1902,  p.  459. 

*Cobb.  J.  W.,  Coal  ash:  Jour.  Soc.  Cbem.  Ind.,  vol.  23,  1904,  pp.  11-13. 
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tical,  and  placed  in  a  circular,  down-draft,  regenerative  furnace, 
heated  by  eight  burners  on  the  periphery. 

Temperature  measurements  were  taken  with  Seger  pyrometric 
cones  and  with  a  thermocouple.  The  temperature  of  the  furnace 
was  raised  slowly  until  the  tips  of  the  cones  started  to  bend.  The 
rate  of  heating  was  then  checked  to  almost  zero  to  allow  the  cones  to 
bend  slowly  through  a  small  range  of  temperature.  Cobb  gives  no 
exact  figures  for  rate  of  heating,  but  calls  attention  to  the  necessity 
of  a  uniform  rate  to  insure  comparable  results,  and  also  states  that 
an  oxidizing  atmosphere  must  be  maintained  in  the  space  surround- 
ing the  cones. 

E.  a.  BAILEY  AND  W.  B.  CALKINS,  1910  AND  1911. 

In  1910  Bailey  and  Calkins «  published  a  paper  giving  experi- 
mental data  on  the  relation  between  the  fusing  temperature  of  ash 
and  the  formation  of  clinker.  Tests  were  made  in  two  hand-fired 
furnaces  with  several  coals  having  ash  of  different  fusing  tempera- 
tures. All  clinkers  larger  than  about  1  inch  were  picked  out  of  the 
refuse  and  the  ratio  of  clinkers  to  the  total  ash  in  the  coal  burned 
was  determined.  The  results,  plotted  in  curves,  showed  a  rapid  in- 
crease in  the  ratio  of  ash  fused  to  clinkers  as  the  fusing  temperature 
fell  below  1,371°  C.  (2,500°  F.).  The  clinker  made  from  a  lower 
fusing  ash  obstructed  more  grate  area  than  the  same  weight  of  clinker 
formed  from  an  ash  of  higher  fusing  temperature. 

In  a  subsequent  paper  Bailey  *  describes  two  24-hour  boiler  tests 
with  two  coals  A  and  B.  The  fusing  temperatures  of  the  ashes  of 
these  coals  were  1,510°  C.  (2,750°  F.)  and  1,310°  C.  (2,390°  F.). 
On  the  basis  of  the  total  ash  in  the  coal,  coal  A  formed  20.2  per  cent 
.and  coal  B  53.3  per  cent  of  clinker.  Also,  the  clinker  from  coal  B 
was  much  more  troublesome  in  that  the  clinkers  were  thinner,  thus 
obstructing  about  one-third  more  grate  area  than  the  same  weight  of 
clinker  from  coal  A.  In  several  boiler  tests  of  coals,  made  by  Prof. 
¥j.  a.  Hitchcock  at  the  Ohio  State  University,  two  coals,  C  and  D, 
having  ash  that  fused  at  1,260°  C.  (2,300°  *F.)  and  at  1,450°  C. 
(2,640°  F.),  were  burned  on  a  plain  grate  of  50  per  cent  air  space, 
under  a  Dutch  oven.  The  ash  with  the  lower  fusing  temperature 
had  a  greater  proportion  fused  to  clinker  than  did  the  ash  with  the 
higher  fusing  temperature;  also  the  clinker  from  coal  C  was  thin 
and  vitreous,  thus  offering  more  obstruction  to  the  passage  of  air 
through  the  fuel  bed  than  the  fragile  and  porous  clinker  resulting 
from  coal  D. 

"  Bailey.  E.  O..  and  Calkins.  W.  B.,  Fuslnp  tempera turet*  of  coal  ash :  Power,  vol.  82. 
1910,  pp.  1978-1079.  Fuel  Testing  Co.  BuH.  5,  1911,  15  pp. 

<*  Bailey.  E.  O.,  The  fualng  temperature  of  coal  ash:  Power,  vol.  34,  1911.  pp.  802-S06; 
1910,  pp.  1978-1979. 
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Coals  E  and  F,  having  ash  that  fused  at  1^10°  C.  (2,210°  F.)  and 
1,400°  C.  (2,650°  F.),  were  burned  on  shaking  grates  under  a  fire- 
brick arch  of  a  special  horizontal  return  tubular  boiler  setting.  These 
two  coals  did  not  show  the  difference  in  clinker  formation  that  was 
expected  from  the  difference  in  the  fusing  temperatures  of  the  ashes. 
This  result  is  ascribed  to  a  probable  difference  in  fuel -bed  conditions 
and  a  difference  in  the  burning  characteristics  of  the  two  coals. 
However,  the  lower  fusing  ash  from  coal  E  formed  a  thinner  clinker 
than  coal  F,  obstructing  approximately  0.21  square  foot  of  grate 
area  per  pound,  as  compared  to  0.13  square  foot  for  the  clinker  from 
coal  F. 

Bailey  concludes  that  the  "main  factor  in  the  formation  of 
clinker  is  the  difference  between  the  fusing  temperature  of  the  ash 
and  the  temperature  to  which  it  is  subjected.  Any  factor,  such  as 
excess  air,  rate  of  combustion,  and  thickness  of  fuel  bed  which 
will  affect  the  temperature  may  cause  a  corresponding  change  in  the 
amount  and  nature  of  the  clinker  from  a  given  coal." 

L.  S.   MABKS,   1910. 

Marks"  used  the  Seger-cone  method  for  determining  the  effect  on 
the  fusibility  of  ash  of  adding  various  proportions  of  AljO.,,  CaO, 
FcjOg,  FeSo,  Fe,  CaS._,,  and  CaSO^.  The  finely  ground  mixtures  were 
molded  into  pyramids  similar  in  shape  and  size  to  standard  pyro- 
metric  cones,  then  mounted  in  a  vertical  position  and  slowly  heated 
in  a  gas  muffle.  The  temperatures  were  measured  with  a  thermo- 
couple. Sketches  were  made  of  the  cones  as  they  melted,  and  the 
corresponding  temperatures  were  noted.  The  viscosity  of  the  soften- 
ing material  was  judged  from  the  rapidity  and  manner  of  deforma- 
tion of  the  cone.  Certain  mixtures  melted  to  a  fluid  of  the  viscosity 
of  water,  others  formed  a  spongy,  viscous  mass.  Marks  obtained  the 
following  results  on  adding  various  substances  to  the  ash  of  a  non- 
clinkering  West  Virginia  coal,  which  had  a  softening  temperature  of 
1,400°  C.  (2,550°  F.)  : 


Results  of  tests  by  Marks  with  the  ash  of  a  nonclinkering  West  Virginia  coal 

in  a  gas  muffle. 
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Effect  on  softening  temperature  of  ash  of  adding- 


25  per  cent. 


50  per  cent. 


Raised 

Lowered  considerably. 

Lowered  slightly 

Lowered  considerably. 

do 

Lowered 

do 


Raised. 


Lowered  slightly 

Lowered  considerably . 
Lowered  somewhat. . . 
Lowered  considerably. 
do 


75  per  cent. 


Raised 

do 

Lowered  slightly 

Lowered  considerably. 

Lowered  slightly 

Lowered  considerably. 
do 


Fluidity  of  melt. 


Very  fluid. 


Viscous.  " 

Veryfluid. 
Do. 


•  Marks,  L.  S.,  The  cllnkerlng  of  coal ;  reRults  of  tests  for  eifect  of  various  constitu- 
ents in  the  coal :  Bng.  News,  vol.  64,  1910,  pp.  628-^626. 


6  FUSIBILITY   OF  COAL  ASH. 

Similar  clinkering  tests  were  then  made  in  a  specially  designed 
furnace,  analogous  results  being  obtained.  Substances  that  lowered 
the  softening  temperature  of  the  ash  tended  to  increase  the  clinker 
formation.  The  addition  of  3  per  cent  of  pyrite  (FeSj)  to  a  non- 
clinkering  West  Virginia  coal  containing  6  per  cent  ash  produced  a 
hard,  heavy  clinker,  which  had  a  strong  tendency  to  stick  to  the  grate 
bars,  thus  choking  the  draft.  Adding  2.2  per  cent  of  ferrous  sulphide 
(FeS)  caused  a  similar  degree  of  clinker  formation.  The  addition 
of  4.4  per  cent  of  ferrous  sulphide  made  a  very  fusible  and  extremely 
troublesome  clinker,  which  flowed  over  and  "froze"  to  the  grate 
bars,  seriously  checking  the  draft.  Addition  of  iron  oxide  with  an 
iron  content  equivalent  to  that  in  the  3  per  cent  pyrite  produceil  a 
somewhat  less  troublesome  clinker  than  did  the  pyrite. 

The  tests  seemed  to  indicate  that,  other  things  being  equal,  the 
sulphides  of  iron  are  more  troublesome  than  the  oxides. 

E.  J.  CONSTAM,   1913. 

Constam,*  in  1913,  reported  the  "  melting  temperatures ''  of  the  ash 
from  200  diflFerent  samples  of  coal  and  coke  from  various  European 
mines.  His  criterion  of  melting  temperature  was  the  deformation  or 
softening  point  of  the  ash  when  molded  in  the  form  of  a  small 
pyramid.  The  pyramids  were  heated  in  a  carbon-tube  electric  fur- 
nace having  a  magnesia  tube  closed  at  one  end  in  which  the  ash 
pyramid  was  placed.  The  temperatures  of  incipient  softening,  in- 
tumescing.  and  complete  fusion  were  measured  with  a  Holbom- 
Kurlbaum  optical  pyrometer.  Constam  gives  no  information  on  the 
rate  of  heating,  exact  size  and  shape  of  the  test  piece,  or  the  character 
of  the  atmosphere  in  which  it  was  heated,  in  his  published  report.  At 
the  temperatures  necessary  to  fuse  coal  ash  the  magnesia  tube  would 
not  protect  the  ash  from  the  reducing  action  of  the  carbcm  monoxide 
evolved  from  the  heating  element,  unless  a  vigorous  current  of  air 
was  circulated  through  the  interior  of  the  tube.  In  the  absence  of 
complete  information  as  to  whether  oxidizing  or  reducing  atmos- 
pheres were  used  in  the  fusion  tests,  Constam's  results  can  not  be 
properly  classified,  but  they  gave  excellent  agreement  of  the  softening 
temperatures  reported  for  different  samples  of  coal  from  the  same 
source,  and  for  samples  of  ash  from  a  given  coal  and  from  its  result- 
ing coke. 

As  a  result  of  his  investigations,  Constam  concludes  that  (1)  the 
proportion  of  ash  does  not  influence  the  softening  temperature;'' 
(2)  the  softening  temperature  is  characteristic  of  the  seam;  (3)  the 

*  Constam,  E.  J.,  Ueber  Schmolztomperaturen  von  Kohlenaschen :  Ztflcbr.  Ver.  Gas-  nnd 
WasBerfachmfinner  In  Oesterrelch-Unjfarn,  Oct.  15,  1013.  Abstract  In  Jour.  Gaa  Light- 
ing, vol.  124,  1913.  p.  522. 

"  This  conclusion  dors  not  bold  whpn  the  ash  contains  an  excess  of  a  single  constitu- 
ent, as  pyrite  or  slate. 
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softening  temperature  is  not  affected  by  coking  the  coal  or  by  the 
temperature  of  coking;  (4)  the  softening  temperatures  of  different 
ashes  ranged  from  1,150°  to  1,700°  C. 

Regarding  various  fuels,  he  recommends  temperatures  above  which 
the  ash  of  each  fuel  should  fuse,  as  follows :  Coke  for  a  central  heat- 
ing plant,  1,300°  C. ;  anthracite  for  the  same  purpose,  1,400°  C. ;  coal 
for  use  under  boilers,  1,400°  C;  coal  for  locomotives,  1,500°  C;  and 
coal  for  gas  producers,  about  1,500°  C,  or  below  1,200°  C. 

L.  S.   HABXS,   1914. 

Following  the  publication  of  Bailey's  papers  in  1910  and  1911,  the 
growing  demand  for  the  fusibility  test  in  connection  with  the  pur- 
chase of  coal  under  specifications  led  to  the  development  of  such  tests 
in  different  laboratories.  Although  most  of  these  tests  depended  on 
some  modification  of  the  well-known  Seger-cone  method  used  by  Le 
Chatelier  and  by  Cobb,  highly  discordant  results  were  obtained  by 
different  laboratories  with  samples  of  the  same  ash.  In  1914,  Marks  ° 
called  attention  to  differences  as  high  as  390°  C.  in  the  fusing  tem- 
peratures reported  by  different  testing  laboratories  for  samples  of 
the  same  ash.  An  investigation  of  the  causes  of  these  variations 
led  to  the  conclusion  that  the  most  important  factor  was  the  atmos- 
phere surrounding  the  ash.  Using  the  Seger-cone  method,  Marks  de- 
termined the  softening  temperatures  of  11  samples  of  ash  in  a 
Hoskins  carbon  resistance  furnace  and  in  a  Meker  muffle  furnace; 
for  each  sample  the  Hoskins  furnace  gave  the  higher  softening  points, 
the  difference  ranging  from  120°  to  255°  C  This  variation  in  fusi- 
bility was  attributed  to  the  Hoskins  furnace  containing  a  reducing 
atmosphere  of  carbon  monoxide  and  the  Meker  furnace  having  an 
oxidizing  atmosphere  from  the  air  circulating  through  the  muffle. 
Marks  considers  it  essential  that  fusion  tests  be  made  in  an  oxidizing 
atmosphere.^ 

As  less  important  causes  for  variations  in  the  results  of  Seger-cone 
tests,  Marks  enumerates  the  following:  (a)  Size  of  cone;  (b)  posi- 
tion of  cone;  (c)  nature  of  binder;  (d)  rate  of  heating;  (e)  location 
of  cone  in  furnace;  (/)  material  on  which  the  cone  is  supported;  (g) 
unburned  carbon  in  the  ash. 

The  use  of  a  10  per  cent  dextrin  solution  for  binder  and  slight  va- 
riations in  the  size  of  the  cone  had  no  appreciable  effect  on  the  results. 

*  Marks,  L.  S.,  The  cllnkering  of  coal :  Jour.  Am.  Soc.  Mecb.  Bng.,  vol.  37,  1915, 
pp.  206-208 ;  Trans.  Am.  Soc.  Mech.  Eng.,  vol.  86,  1914,  pp.  801-834. 

*  Combnstioii  tests  made  for  the  Bureau  of  Mines  by  Henry  Kreisinger,  engineer,  have 
Bhonvn  that  at  ordinary  rates  of  combustion  almost  all  the  oxygen  in  fuel-bed  gases  has 
disappeared  at  8  Inches  above  the  grate  bars,  the  gases  at  this  point  containing  approxi- 
nmtely  16  per  cent  COa  and  14  per  cent  CO,  the  remainder  being  nitrogen  and  other 
rombnstlble  gases.  It  is  therefore  highly  probable  that  clinker  forms  In  a  slightly 
r^edndng  atmosphere,  and  that  fusion  tests  of  coal  ash  in  air  do  not  parallel  furnace 
conditions. 
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The  deformation  temperatures  of  11  different  samples  of  ash  tested 
in  horizontally  mounted**  cones  were  from  5^  to  50°  C.  lower  than 
when  similar  samples  were  tested  in  verticaUy  mounted  cones.  The 
average  difference  was  21°  C.  The  smaller  differences  were  observed 
with  samples  showing  the  greatest  fluidity.  Cones  mounted  hori- 
zontally were  more  sensitive  to  heat  than  those  mounted  in  the  usual 
manner,  and  gave  indication  that  could  be  duplicated  more  closely. 

Comparative  tests  of  the  effect  of  rate  of  heating  with  two  samples 
of  ash  showed  deformation  points  40°  and  35°  C.  lower  at  6°  increase 
per  minute  than  at  2°  per  minute.  This  difference  was  ascribed  to 
the  increased  lag  of  the  thermocouple  and  its  protecting  porcelain 
tube  at  the  higher  rate  of  heating.* 

Unburned  carbon  in  the  ash  tended  to  increase  the  softening  tem- 
perature. 

Marks  finally  adopted  as  the  most  satisfactory  modification  of  the 
Seger-cone  method  the  molding  of  the  ash  into  a  cone  11  by  52  nmi. 
(yV  iiicb  by  2  inches),  placed  in  a  horizontal  position  on  a  quartz 
plate,  with  the  apex  projecting  over  the  side  of  the  support. 
The  quartz  plate  was  blocked  up  near  the  center  of  the  muffle  of  a 
No.  29  Meker  furnace.  A  stream  of  air  provided  an  oxidizing  atmos- 
phere. A  thermocouple,  protected  with  a  porcelain  tube,  was  in- 
serted through  a  hole  in  the  back  of  the  furnace,  the  cone  being 
placed  as  near  it  as  possible.  The  furnace  was  heated  rapidly  to 
within  about  200°  C.  of  the  expected  fusing  temperature;  the  rate 
of  temperature  increase  was  then  reduced  to  2°  C.  per  minute.  The 
temperature  of  initial  and  of  final  bending  (apex  of  the  cone  pointing 
vertically  downward)  was  noted,  and  also  the  final  appearance  of 
the  cone — whether  it  showed  a  fluid  constituent  that  ran  down  and 
formed  a  knob  on  the  vertex  of  the  cone.  This  seemed  to  be  some- 
what characteristic  of  clinkering  coals. 

The  results  of  tests  in  which  the  method  of  determining  fusibility, 
described  above  was  used,  were  compared  with  the  clinkering  results 
observed  when  10  different  coals  were  burned  under  normal  power- 
house conditions.  Marks,  concludes  that  "a  general  relation  was 
shown  between  the  two,  but  not  definite  enough  to  be  reliable.  For 
the  particular  boiler  plant  investigated,  it  would  seem  that  an  ash 

•  As  recommended  by  J.  P.  Sparrow  of  the  New  York  Edison  Co. 

*  Higher  rates  of  heating  should  give  higher  softening  temperatures  owing  to  the  ttmt> 
lag  in  the  slag-forming  reactions.  This  relation  has  been  shown  In  experiments  with 
Seger  pyrometric  cones  by  numerous  investigators.  See  Zlmmer,  W.  U.,  Practical  ex- 
perience with  pyrometers :  Trans.  Am.  Cer.  Soc.,  vol.  1,  1890,  pp.  28-38 ;  GeljsbeclL  S^ 
The  fusing  points  of  Seger  cones  expressed  in  degrees :  Trans.  Am.  Cer.  Soc.,  toL  6,  1904, 
pp.  94r-99 ;  Geijsbeck,  S.,  The  melting  points  of  pyrometric  cones  under  Tarioas  con- 
ditions :  Trans.  Am.  Cer.  Soc,  vol.  14,  1912,  p.  849 ;  Hoffman,  G.,  Priifnng  der  Segerkegel : 
Sprechsaal,  Bd.  44,  1911,  pp.  143-145 ;  Reike,  R.,  Die  Schmelspunkte  der  Segerkegpl 
022-15;  Sprechsaal,  Bd.  44,  1911,  pp.  726-728;  Brown,  G.  H.,  and  Murray.  G.  A.,  The 
function  of  time  in  the  vitrification  of  clays :  U.  8.  Bur.  Standards  Tech.  Paper  17,  191^ 
p.  23. 
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with  a  fusing  temperature  (final  bending)  below  1,400^  C.  will  prob- 
ably give  trouble  if  the  ash  cone  shows  a  fusible  constituent ;  whereas 
it  will  not  give  trouble  with  a  fusing  temperature  above  1^80^  C.  if 
the  ash  is  viscous.  This  conclusion  would  require  further  investiga- 
tion with  many  other  coals  before  it  could  be  accepted  even  for  this 
particular  plant;  naturally  it  can  not  be  applied  to  plants  with 
different  operating  conditions.'^ 

F.  C.  HtfBLEY,  1014. 

Various  commercial  laboratories  that  have  developed  individual 
modifications  of  the  fusibility  test  seem  to  find  a  somewhat  definite 
relation  between  the  indications  of  their  particular  laboratory  test 
and  the  clinkering  characteristics  of  the  fuel  used  in  the  power  plants 
under  their  observation.  Hubley,*  after  two  years'  experience  with 
the  Seger'KX>ne  method,  considers  it  of  value  in  predetermining  the 
clinkering  properties  of  a  coal,  and  states  that  in  most  instances  the 
clinkering  of  a  coal  in  the  boiler  furnace  agreed  closely  with  the 
results  of  the  laboratory  tests. 

Hubley  used  cones  2  inches  high  and  1  inch  in  diameter  at  the  base. 
He  ground  the  ash  to  pass  a  60-mesh  sieve ;  mixed  it  with  10  per  cent 
by  weight  of  dry  dextrin  and  water  enough  to  make  a  plastic  mass, 
which  was  pressed  in  wooden  molds,  dried,  and  heated  in  a  vertical 
position  in  a  cylindrical  Fletcher  crucible  furnace.  Illuminating  gas 
was  used  for  heating  to  temperatures  up  to  2,700^  F.,  and  Blau  gas 
for  temperatures  to  3,000°  F.  The  temperatures  were  measured  with 
a  thermocouple,  having  the  bare  hot  junction  close  to  the  cone.  The 
tmperatnre  was  graduaUy  increased  until  signs  of  fusing  appeared, 
as  when  the  sides  began  to  lose  their  sharp  outlines,  or  when  the  body 
of  the  cone  began  to  swell.  The  furnace  was  held  at  this  temperature 
for  three  minutes,  and  then  allowed  to  cool.  Other  cones  from  the 
same  ash  sample  were  in  turn  tested,  the  final  temperatures  for  the 
lot  being  regulated  to  give  a  series  at  25®  or  50®  F.  intervals  on  either 
side  of  the  temperature  obtained  in  the  preliminary  test.  Enough 
cones  were  tested  to  indicate  a  series  from  a  temperature  of  no  def- 
ormation to  one  at  which  the  ash  flowed  readily.  From  this  series 
the  progress  of  fusion  at  various  temperatures  was  determined. 

This  method  gave  satisfactory  indication  of  probable  clinkering 
characteristics,  but  proved  tedious  and  somewhat  lacking  in  definite- 
ness,  as  the  judgment  of  the  operator  entered  too  largely  into  the 
results. 

'Hubley.  F.  C,  BltnmlnonB  coals;  predetermination  of  their  clinkerlngr  action  by 
laboratory  tests :  Proc.  Eng.  Clqb  of  Philadelphia,  vol.  82,  January,  191Q,  pp.  35-85 ;  ab- 
stracted in  Power,  vol.  40,  1914,  p.  796;  Jonr.  Am.  Soc.  Mech.  Eng.,  vol.  87,  1916, 
pp.  208-211 ;  Trans.  Am.  Soc.  Mech.  Eng.,  vol.  86,  1914,  pp.  815-624. 
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To  remedy  these  objections,  Hubley  devised  an  apparatus,  whidi 
he  called  a  ^^  fusiometer,"  for  indicating  mechanically  the  progressiTe 
softening  of  a  pellet  of  ash.  This  apparatus  consists  of  an  iron  frame 
carrying  a  small  gas-fired  furnace,  into  which  project  two  caibon 
rods,  one-half  inch  in  diameter  on  a  common  vertical  axis.  Between  the 
carbon  rods  is  placed  the  ash  sample,  compressed  without  binder, 
under  a  pressure  of  30,000  pounds  per  square  inch,  into  the  form  of 
a  cylindrical  pellet  five-eighths  of  an  inch*  in  diameter  and  one-half 
inch  high.  The  upper  carbon  rod,  free  to  move  vertically  between 
suitable  guides,  is  weighted  to  exert  a  pressure  on  the  ash  pellet  of 
1.5  pounds  per  square  inch.  A  silk  cord  connecting  the  upper  end 
of  the  rod  and  a  counterweight  runs  over  a  pivoted  pulley  to  which 
is  attached  a  pointer  magnifying  twelve  times  on  a  scale  any  ex- 
pansion or  contraction  of  the  pellet.  The  temperature  of  the  furnace 
is  measured  with  a  thermocouple.  Temperatures  up  to  2,700*  F. 
may  be  attained  with  illuminating  gas,  and  above  3,000*  F.  with 
Blau  gas. 

The  method  of  making  a  test  is  described  by  Hubley  as  follows: 

The  ash  pellet  Is  placed  in  position  between  the  carbons  and  adjusted  so  that 
the  pointer  is  midway  between  0  and  1.00  on  the  scale.  The  furnace  la  then 
gradually  heated  at  the  rate  of  50°  to  100°  F.  per  minute,  slmultaneoas  tem- 
perature and  scale  readings  being  made  at  i-minute  Intervals.  As  the  heat  Is 
increased,  negative  movement  of  tiie  pointer  will  indicate  carbon  expansion  up 
to  a  temperature  where  first  softening  of  the  ash  pellet  Is  Indicated  by  a  posi- 
tive movement  of  the  pointer.  The  exi^eriment  is  continued  till  final  collapse  of 
the  pellet  is  Indicated  on  the  scale.  These  results,  If  plotted,  the  temperatures 
as  absclssses,  and  the  pointer  movement  as  ordlnates,  produce  a  curve,  an 
ordinate  of  which  at  any  point  is  a  measure  of  the  relative  rate  of  softening  of 
the  ash  pellet  at  that  temperature. 

The  length  of  the  softening  range,  and  its  position  on  the  temperature  scale 
In  relation  to  the  working  temperature  range  of  a  boiler  fire,  as  well  as  the 
increasing  rate  of  softening,  whether  gradual  throughout  the  range  (Indicating 
high  viscosity),  or  very  slight  for  most  of  the  range,  followed  by  a  sudden 
collapse,  are  the  factors  in  the  fusiometer  results  which  must  be  considered  In 
predicting  the  probable  cUnkerlng  action  of  a  coal  in  a  boiler  fire.  A  long 
range  ash  with  a  slow  but  steady  Increase  in  softness,  apparently  indicated  by 
the  gently  sloping  curve,  is  productive  of  the  close  gummy  clinker  of  high 
viscosity.  This  type,  provided  the  softening  range  coincides  approximately  with 
the  working  temperature  range  of  the  boiler,  produces  the  greatest  losses 
from  clinker  formation  in  a  boiler  fire.  This  refers  more  particulaly  to  stokers 
In  which  the  fires  are  cleaned  at  regular  intervals  by  a  dropping  of  the  back 
grates. 

The  other  type  of  ash  fusion  is  a  short-range,  spongy,  porous  formation  of 
low  viscosity,  which,  If  It  does  not  occur  too  low  on  the  temperature  scale,  can 
be  handled  with  ease  in  the  boiler  fires.  From  a  comparison  of  boiler-house 
results  with  a  large  num!)er  of  tests  made,  the  fusiometer  curve  for  this  type 
of  fusion  appears  to  be  distinguished  by  a  most  decided  downward  dip  in  the 
curve  Just  prior  to  final  softening. 

The  term  "fusing  point"  is  misleading  and  Indeterminate,  while  "fusing 
range'*  of  a  substance  can  be  dete^rmined  with  exactitude.     For  purposes  of 
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relatlTe  oomparlaon*  however,  an  arbitrary  point  in  tlie  fusing  range  may  be 
selected  and  called  the  "fusing  point "  of  the  ash.  For  this  point  in  the  case 
of  the  fusiometer  results,  the  author  suggests  the  temperature  at  which  the 
pellet  has  coUapeed,  owing  to  softening,  to  one-half  of  its  original  height 

Hubley  shows  a  number  of  fusiometer  curves  illustrating  the  two 
types  of  fusion  and  discusses  them  together  with  the  boiler-house 
reports  in  regard  to  the  nature  and  extent  of  clinker  formed  under 
actual  operating  conditions.  He  states  that  usually  he  found  these 
curves  of  much  use  in  indicating  the  clinkering  characteristics  of  the 
coals  represented,  and  suggests  the  following  specification : 

The  pellet  shall  not  have  collapsed  due  to  softening  to  more  than  one-half  of 
the  original  height  at  a  temperature,  T,  and  In  addition  shall  not  show  a  col- 
lapse of  more  than  one-eighth  of  the  original  height  due  to  softening  at  a  tem- 
perature of  300°  F.  under  temperature  T. 

The  first  part  of  this  specification  will  limit  the  final  fusion,  whUe  the  second 
part  is  intended  to  control  viscosity  and  avoid  a  sloping  curve.  The  fixing  of 
temperature  T  must  vary  with  plant  conditiona  It  is  obvious  that  the  buying 
field  for  steam  coal  will  be  restricted  or  broadened  according  as  the  tempera- 
ture T  is  raised  or  lowered,  so  that  the  fixing  of  this  temperature  must  be  gov- 
erned by  the  value  which  a  plant  management  places  on  a  loss  of  boiler  capac- 
ity, and  risk  of  steam  failure  against  the  saving  made  in  purchasing  the  cheaper 
fuel. 

The  excellent  agreement  Hubley  obtained  on  duplicate  samples  of 
the  same  ash  does  not  prove  that  the  method  will  give  correspond- 
ingly close  agreement  in  different  laboratories,  as  variations  in  the 
slagging  reactions  of  the  ash  will  affect  results  obtained  by  this 
method  as  well  as  those  obtained  by  the  Seger-cone  method.  The 
principal  factors  would  be  the  nature  of  the  atmosphere — whether 
oxidizing  or  reducing — ^and  the  rate  of  heating.  If  a  gas  furnace  is 
iised,  the  nature  of  the  atmosphere  will  vary  with  different  adjust- 
ments of  gas  to  air.  The  effect  of  different  atmospheres  on  the  soft- 
ening of  cones  is  described  elsewhere.  Undoubtedly  their  effect  will 
be  similar  in  the  fusiometer  furnace. 

0.  W.  PALMENBEBO,  1915. 

Palmenberg^"  states  that  the  Seger-cone  method,  modified  as  de- 
scribed below,  is  used  in  his  laboratory,  and  has  proved  satisfactory 
in  furnishing  laboratory  results  that  are  comparable  with  the  results 
obtained  in  practice. 

The  coal  ash  which  has  been  burned  free  of  carbon  and  heated  to  insure 
oxidation  of  the  iron  is  made  into  a  round,  thin  cone  1^  to  2  inches  high,  weigh- 
ing about  1  gram  or  less.  This  cone  is  placed  upon  a  thin  piece  of  Battersea 
fire  day  in  a  vertical  position  and  set  in  the  middle  of  the  muffle  of  a  Meker 

*Palmenberg,  O.  W.,  Discnssion  of  paper  on  the  clinkerlsg  of  coal:  Jour.  Am.  Soc. 
Mech.  Ens.,  vol.  87,  1915»  pp.  211-212;  Trans.  Am.   Soc  Mech.   Bng.,  vol.  86,   1914, 

ppi  824-828. 
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gaa  furnace.  After  heatioK  the  furnace,  the  blast  is  applie<l  rapidly  at  first 
until  the  temperature  Ih  nearly  that  at  which  the  cone  begins  to  bend.  Then 
the  heat  is  regulated  carefully  and  temperature  readings  with  an  optical  py- 
rometer made  every  five  minutes  or  oftener,  depending  upon  the  rate  of  heating; 
care  must  be  taken  to  have  the  heating  carried  on  slowly.  As  soon  as  the  cone 
Hhows  signs  of  l)ending,  the  temperature  is  noted  and  the  operation  continued 
until  the  cone  has  completely  bent  over  and  touched  the  plate,  the  temperature 
at  which  the  cone  touches  the  plate  being  called  the  fusing  temperature. 

Palmenberg  prefers  using  long,  thin  cones,  which  in  his  experience 
are  not  subject  to  '^  separation  of  the  more  fusible  constituents,^  an 
objection  raised  by  Marks  against  the  vertical-cone  method.  In  re- 
gard to  the  effect  of  unburned  carbon  in  the  ash,  Palmenberg  states 
that  this  depends  on  the  conditions  of  the  tests  and  the  nature  of  the 
ash;  he  found  that  as  much  as  10  per  cent  carbon  had  no  effect,  as 
seemingly  it  all  burned  off  liefore  the  fusion  took  place. 

E.  B.   BIGKETTS,   1915. 

Ricketts'  describes  the  Seger-cone  method  as  used  in  the  laboratory 
of  the  New  York  Edison  Co.  as  follows : 

About  2  pounds  of  coal  is  coked  in  a  crucible  in  a  gas  furnace  for  about  an 
hour,  after  which  the  lump  of  coke  is  broken  up  and  a  stream  of  compressed 
air  is  fed  in  near  the  bottom  of  the  crucible  for  from  two  to  three  hours  until 
the  coke  Is  all  reduced  to  ash.  When  burning  the  coke  down,  care  should  be 
taken  to  keep  the  temperature  below  1,500^  F.  (820°  C),  so  as  to  prevent 
premature  fusion.  The  ash  is  then  tested,  a  small  amount  at  a  time,  with 
oxygen  to  make  sure  that  all  the  carbon  is  consumed.  It  is  of  vital  importance 
that  no  carbon  be  left  in  the  ash  as  a  small  trace  may  cause  results  several 
hundred  degrees  too  high.  The  carbon-free  ash  is  moistened  with  a  little 
water  and  molded  in  a  paper  cone  2^  Inches  long  and  i-inch  base.  The 
cone  is  dried  for  five  or  six  hours  and  then  fused  in  a  muffle  fiu*naGe  without 
removing  the  paper  in  which  it  was  molded.  The  cone  is  mounted  horizontally 
so  that  It  overhangs  the  point  of  support  about  1^  inches.  The  point  of 
fusion  is  taken  when  the  cone  reaches  a  45**  position  and  is  read  on  a  Wanner 
optical  pyrometer. 

The  furnace  consists  of  a  gas  melting  furnace  of  8  inches  inside  diameter. 
It  is  heated  by  horizontal  blast  burners  which  direct  the  flame  around  and 
over  a  covered  Hessian  crucible  containing  the  ash  cone.  Observation  of  the 
interior  of  this  crucible  and  of  the  cone  is  made  through  a  suitably  placed 
quartz  tube  which  passes  tlirough  the  side  of  the  melting  furnace  and  the 
Hessian  crucible. 

Bicketts  states  further  that  with  this  method  results  of  different 
tests  of  the  same  sample  of  coal  corresponded  within  a  few  degrees 
and  that  the  boiler  tests  with  Babcock  &  Wilcox  boilers  fired  with  a 
Taylor  stoker,  showed  a  relation  between  efficiency  of  furnace  and 
boiler  and  the  fusion  temperature  of  the  ash.  Thirteen  coals  were 
tested;  the  ash-fusion  temperatures  being  between  2,225°  F.  (1^20° 

•  RickettB.  R.  B.,  DIbcusbIoii  of  papor  on  the  cllnkorlng  of  coal :  Jour.  Am.  Soc.  Mech. 
Kng..  vol.  37,  1915,  pp.  213-214 ;  Trans.  Am.  Soc.  Mech.  Eng.,  vol,  36,  1914,  pp.  83(HJ34. 
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C.)  and  2,860''  F.  (1,570''  C.)-  Those  coals  whose  ash  fused  below 
2^75°  F.  (1,300°  C.)  gave  a  distinctly  lower  efficiency  than  those 
whose  ash  fused  above  2,450^"  F.  (1,345''  C).  The  cli^kering  effect 
of  coals  whose  ash-fusion  temperatures  were  between  the  two  tem- 
peratures mentioned  was  doubtful.  The  results  of  ash-fusion  tests 
of  coal  from  several  hundred  cargoes,  from  some  25  different  sources, 
were  said  to  confirm  consistently  the  results  of  the  earlier  tests. 

COMPOSITION  OF  ASH  AND  DISTBIBTJTIOH  OF  ASH-FOBMHTO 

CONSTITUENTS  IN  COAL. 

Ash  is  the  incombustible  residue  left  from  the  complete  combustion 
of  the  carbon  in  coal.  It  is  derived  from  the  inorganic  matter  in  the 
coal,  and  is  composed  largely  of  compounds  of  silica,  alumina,  iron, 
lime,  together  with  smaller  quantities  of  magnesia,  titanium,  alkali, 
sulphur,  and  phosphorus  compounds.  The  silica,  alumina,  and 
titanic  oxide  are  derived  from  sand,  clay,  shale,  and  slate,  the  iron 
oxide  mainly  from  iron  pyrite,  and  the  lime  and  magnesia  from  their 
corresponding  sulphates  and  carbonates. 

As  shown  in  the  ash  analyses  given  in  Table  2  (p.  27),  the  chemical 
composition  varies  so  widely  that  no  typical  composition  can  be 
given.  Probably  the  analyses  of  most  samples  of  coal  ash  will  come 
between  the  following  limits: 

Typical  Umits  of  ash  analysea. 

Oonstitiient.  Per  cent 

SiO,   40  to  flO 

A1,0,    20  to  85 

FeiOk  5  to  25 

CaO  1  to  15 

MgO 0.5  to    4 

Na«0+K,0 1  to    4 

The  ash- forming  constituents  consist  of  (1)  "inherent''  or  "in- 
trinsic "  impurities  that  are  present  in  an  intimate  mixture  with  the 
coal  substance,  and  are  derived  either  from  the  original  vegetable 
material  or  from  external  sources  by  sedimentation,  precipitation,  or 
aeolic  action  during  the  process  of  accumulation  of  coal-forming 
vegetation;  (2)  impurities  formed  either  during  or  after  the  laying 
down  of  the  coal  bed,  which  occur  in  the  form  of  partings,  veins,  and 
nodules  of  clay,  shale,  slate,  pyrite  and  calcite;  and  (3)  impurities 
that  become  mechanically  mixed  with  the  coal  in  the  process  of  min- 
ing, such  as  fragments  of  roof  and  floor. 

INTBINSIC  ASH. 

The  ash-forming  constituents  comprising  the  intimately  mixed 
impurities  may  be  obtained  by  placing  coarsely  crushed  coal  in  a 
solution  of  calcium  or  zinc  chloride  having  a  specific  gravity  of 
1.35.    The  coal  will  float,  and  the  heavier  extraneous  impurities  will 
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sink.  In  some  coals  the  percentage  of  intrinsic  ash  is  so  low  that  the. 
ash-forming  constituents  must  have  come  almost  wholly  from  the 
coal-forming  vegetation.  A  noteworthy  example  of  coal  excep- 
tionally low  in  ash  is  that  in  the  Sewell  bed  of  West  Virginia;  several 
mine  samples  taken  from  this  bed  near  Beckley,  in  Kaleigh  County , 
showed  on  analysis  1.5  to  2  per  cent  ash.  Ordinarily  the  intrinsic  ash 
is  between  2  and  8  per  cent,  although  in  many  coals  it  may  reach  a 
fairly  high  percentage,  especially  in  bony  coals,  which  yield  25  to  40 
per  cent  ash. 

In  the  minute  joints  or  cleavage  planes  of  certain  coals  are  thin 
flakes  of  calcite,  gypsum,  silica,  or  clay,. and  some  coals,  as  certain 
Arkansas  coals,  have  veinlets  of  pyrite.  These  impurities  are  not 
intimately  mixed  with  the  coal  substance,  but  yet  can  not  be 
separated  from  the  coal  by  any  commercial  methods  of  preparing 
the  coal  for  use.  Microscopic  crystals  of  pyrite  are  also  found  dis- 
tributed to  such  an  extent  in  some  coals  that  washing  produces  no 
appreciable  lowering  of  the  sulphur  content. 

The  "intrinsic"  ash  may  be  either  more  or  less  fusible  than  the 
total  ash  of  the  coal  as  mined,  depending  on  the  composition  of  the 
two  kinds  of  ash.  In  general,  the  ash  from  a  coal  having. a  high  in- 
trinsic ash  content,  such  as  is  found  in  bony  coal,  is  less  fusible  than 
the  ash  from  a  coal  having  low  intrinsic  ash  content,  as  the  high  ash 
content  is  due  to  an  intimate  admixture  of  siliceous  or  argillaceous 
silt,  which  increases  the  softening  temperature.  On  the  other  hand, 
a  coal  of  normally  low  intrinsic  ash  content,  containing  well  dis- 
tributed microscopic  crystals  of  pyrite,  or  joints  filled  with  flakes  of 
calcite,  gypsum,  or  pyrite,  is  likely  to  form  troublesome  clinkers  when 
burned.  Such  a  coal  contains  well  mixed  and  finely  divided  essential 
constituents  of  an  easily  fusible  slag. 

EZTBAKEOUS  ASH. 

The  percentage  of  ash  derived  from  extraneous  impurities  varies 
considerably,  depending  on  the  number  and  size  of  the  partings 
in  the  seam,  the  possibility  of  separating  these  from  the  coal,  and 
the  care  with  which  the  coal  is  mined.  Impurities  of  this  character 
may  be  removed  to  some  extent  by  suitable  methods  of  washing, 
picking,  or  screening.  The  possibility  of  improving  the  quality  of 
coal  by  washing  may  be  determined  by  the  laboratory  float-and-sink 
test  already  described ;  also,  by  determining  the  fusibility  of  the  ash 
of  the  raw  coal,  as  compared  with  that  of  the  float  coal,  the  effect  of 
better  preparation  on  the  fusibility  of  the  ash  may  be  determined. 

Better  preparation  may  either  increase  or  decrease  the  ash  fusi- 
bility, depending  on  the  fusibility  of  the  intrinsic  ash  and  the  nature 
of  the  extraneous  impurities.     Such  extraneous  impurities  as  slate. 
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sandstone,  or  shale  tend  to  raise  the  softening  temperature;  lime- 
stone and  pyrite  tend  to  lower  the  softening  temperature,  although 
limestone,  if  added  in  excess,  will  increase  the  softening  tempera- 
ture. Experience  has  shown  that  many  of  the  best  low-ash  coals 
form  very  troublesome  clinkers.  A  very  fusible  intrinsic  ash  would 
be  expected  to  give  excessive  trouble  in  the  fuel  bed,  as  the  various 
constituents  are  finely  divided  and  intimately  mixed  in  the  coal,  thus 
making  a  favorable  condition  for  slag  formation.  It  is  doubtful 
whether  large  lumps  of  extraneous  impurities  have  much  influence 
on  slagging  in  the  furnace.  Large  pieces  of  slate  are  usually  found 
unfused  in  the  refuse. 

NATTTSE  OF  FTJSIOIT  OF  ASH. 

MBLTING   POINTS   OF   PBINCIPAL   CONSTITUENTS   OF   ASH. 

According  to  Day  and  Sosman,"  "  the  melting  point  of  a  pure  sub- 
stance may  be  defined  as  the  temperature  at  which  the  crystalline  and 
liquid  substance  can  remain  side  by  side  in  equilibrium.  Only  the 
addition  or  withdrawal  of  a  quantity  of  heat  will  cause  the  disappear- 
ance of  one  of  the  two  forms  in  contact.  Melting  is  therefore  char- 
acterized by  two  concurrent  changes,  the  appearance  or  disappear- 
ance of  a  particular  crystal  structure,  and  the  appearance  or  disap- 
pearance of  a  quantity  of  heat.  This  definition  applies  to  pure  com- 
pounds. If  the  material  is  a  mixture  or  a  solid  solution,  it  will  have, 
not  a  melting  point,  but  a  melting  interval,  with  (theoretically)  defi- 
nite temperature  limits.'^ 

According  to  this  definition,  the  principal  constituents  of  coal  ash, 
considered  by  themselves  and  in  their  crystalline  form,  have  melting 
points  well  above  the  temperature  at  which  fusion  in  the  mixed  ash 
is  known  to  begin.  Quartz  (SiOj)  at  temperatures  above  1,600°  C. 
changes  rapidly  into  cristobalite,  which  melts  at  about  1,625°  C* 

At  this  temperature  the  rate  of  melting  is  very  slow ;  and  the  fused 
siUca  has  such  a  high  viscosity  that  it  does  not  flow  or  change  shape 
distinctly  until  a  temperature  of  1,750°  C.  is  reached.^ 

Pure  alumina  (AljOj)  melts  at  2,050°  C* 

Kaolinite  ( AljOj,  2Si02,  2H2O) ,  the  crystalline  form  of  the  essen- 
tial constituent  of  clay,  is  unstable  at  high  temperatures  and  appears 
to  decompose  into  aluminum  silicate  (AI0O3,  SiOj)  and  free  silica. 

'Day,  A.  It.,  and  Sosman,  R.  B.,  The  melttng  polots  of  minerals  in  the  light  of  recent 
liiTestisations  on  the  gas  thermometer :  Am.  Jour.  Sci.,  vol.  31,  1911,  p.  342. 

*  Filler,  C  N.,  The  stability  relations  of  the  silica  minerals :  Am.  Jour.  Sci.,  vol.  30, 
1018,  vp.  331-384. 

« Kanolt,  C.  W.,  Melting  points  of  fire  bricks :  U.  S.  Bur.  Standards  Tech.  Paper  10, 
1912,  p.  14. 

*  Kanolt,  C.  W.,  Melting  points  of  some  refractory  oxides :  U.  S.  Bur.  Standards  Boll., 
ToL  10,  1918,  p.  15. 
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Sillimanite  (AljOs,  SiO^)  melts  at  Ijeie**  C.«  Kanolt*  found  the 
temperature  of  visible  flowing  of  an  English  white  kaolin  to  be 
1,740**  C.  A  sample  of  brownish-white  German  kaolin  began  flowing 
at  IjTSS**  C.  Lime  (CaO)  melts  at  2,572°  C.,^'  and  magnesia  (MgO) 
at  2,800°  C* 
According  to  Sosman  • — 

Ferric  oxide  (FeaOa)  begins  to  dissociate,  as  the  temperature  rises,  into 
oxygen  and  a  solid  solution  containing  ferrous  iron;  this  may  he  considered 
as  a  solid  solution  of  FeaO*  in  FesCV  At  a  given  temperature  the  initial  disso- 
ciation is  high,  but  it  drops  rapidly  as  the  percentage  of  FeO  in  the  soli<l 
increases,  passing  through  a  range  in  which  the  pressure  falls  rather  slowlv 
with  change  of  composition  and  finally  falling  rapidly  to  the  dissociation  pres- 
sure of  Fe»0«,  which  is  very  low  (less  than  0.04  mm.  of  mercury  at  1.200*  C.U 

FeiOt,  in  turn,  dissociates  into  oxygen  and  a  mixture  of  oxides  whose  charac- 
ter has  not  yet  been  determined. 

The  properties  of  FeO  are  still  practically  unknown.  The  most  of  the  re- 
corded methods  for  preparing  "  ferrous  oxide  "  yield  only  a  mixture  of  metallic 
iron  (or  iron  carbide)  with  an  oxide  whose  composition  falls  between  FeO 
and  FeaO*. 

The  melting  point  of  magnetic  (FejO^)  is  1,580°  CJ 

BELATIGN  07  MELTIKQ  POINTS  OF  ASH  CONSTITUENTS  TO  FUSION 

'  IN  THE  MIXTURE. 

It  is  evident  that  coal  ash,  being  a  mixture  of  a  number  of  sub- 
stances both  crystalline  and  amorphous,  can  have  no  single,  definite 
melting  point;  neither  is  the  gradual  softening  and  fusion  of  the 
ash  merely  the  successive  melting  of  the  various  ash  constituents, 
but  it  is  a  more  complicated  process  in  which  reactions  involving  the 
formation  of  new  and  more  fusible  compounds  take  place.  Further- 
more, the  melting  temperature  of  these  newly  formed  compounds  is 
influenced  by  solution  in  one  another  to  a  greater  or  less  degree,  as  in 
the  familiar  example  of  salt  and  ice.  Pure  water  freezes  at  0°  C. 
If  increasing  quantities  of  salt  are  added  to  the  water  the  freezing 
point  is  depressed  more  and  more  until  a  certain  minimum  freezing 
point  is  reached  after  which  further  addition  of  salt  causes  the  freez- 
ing point  to  rise  again.  This  minimum  freezing  point  of  a  mixture 
is  known  as  the  eutectic  point,  and  the  composition  of  the  mixture  at 
this  point  is  known  as  the  eutectic  composition. 

^Shepardr  B.  S.,  and  Rankin,  G.  A.,  The  binary  ByBtemR  of  alumina,  ailica,  lime,  and 
magnesia:  Am.  Jour.  Scl.,  vol.  28,  1909,  pp.  298-883;  Ztschr.  anorg.  Gtaem.  Bd.  6S, 
1910,  pp.  370-420. 

b  Kanolt,  C.  W.,  Melting  points  of  fire  bricks :  U.  S.  Bur.  Standards  Tech.  Paper  10, 
1912,  p.  14. 

'  Kanolt,  C.  W.,  Melting  points  of  some  refractory  oxides :  U.  S.  Bur.  Standards  Bull., 
vol.  10,  1913,  p.  19. 

*  Kanolt  C.  W.,  Place  quoted. 

•  Sosman,  B.  B.,  The  common  refractory  oxides :  Jour.  Ind.  and  Eng.  Chem.,  toI.  8,  1916, 
p.  085. 

f  SoRman,  B.  B.,  The  common  refractory  oxides ;  Jour.  Ind.  and  fin^.  Chem.,  yoL  8, 
1916,  p.  985. 
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FOBMATIOH  OF  COXPOXriTOS  AND  EUTECTICS  AS  UXVSTRATEB  IN 

LDCE-8ILICA  STSTEX. 

The  compounds  formed  on  heating  and  cooling  various  mixtures 
of  two  components,  with  their  melting  and  transformation  points, 
are  enumerated  in  figure  1,  which  is  a  concentration-temperature 
diagram  for  the  lime-silica  system.^ 
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FxGUBB  1. — Concentration- temperature  diagram  for  the  lime-Bilica  system. 

The  melting  point  of  pure  silica  in  the  form  of  cristobalite  is 
given  as  1,625°  C.  The  melting  point  of  pure  calcium  oxide  (CaO) 
is  given  as  2,570°  C.  As  increasing  percentages  of  CaO  are  added  to 
the  SiO,  the  melting  point  is  gradually  depressed  until  at  the  point 
B  a  minimum  or  eutectic  point  is  reached.  Tho  eutectic  composition 
is  87  per  cent  CaO  and  63  per  cent  SiO,,  and  the  melting  point  of 
the  eutectic  is  1,436°  C.    A  further  addition  of  lime  increases  the 


'Rankin,  G.  A.,  and  Wright,  F.  B.,  The  ternary  system  CaO-AltOr-SlOt :  Am.  Jonr. 
ScL.  ToL  89,  1915,  p.  5. 
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melting  point  until  at  C  a  maximum  is  reached  at  1,540°  C,  which 
is  the  melting  point  of  the  compound  pseudowoUastonite  (oCaSiO,), 
containing  48.2  per  cent  CaO  and  51.8  per  cent  SiOs-  Any 
mixture  of  silica  and  lime  between  the  points  A  and  B  and 
between  the  points  B  and  C  will  show  evidence  of  fusion  when  the 
temperature  reaches  1,436°  C,  the  melting  point  of  the  eutectic;  as 
at  this  temperature  that  part  of  the  mixture  which  is  present  in 
eutectic  proportion  (37CaO  to  GSSiOa)  will  melt,  leaving  an  excess 
of  one  or  the  other  component  unmelted.  The  nearer  the  mixture 
as  a  whole  approaches  the  eutectic  composition,  the  greater  the  pro- 
portion that  melts  at  the  eutectic  temperature. 

The  point  E,  2,130°  C,  represents  the  melting  point  of  the  alpha 
form  of  calcium  orthosiliciate  (aCa2Si04).  Another  eutectic  occurs 
between  the  points  E  and  C,  and  a  third  between  E  and  G. 

Figure  1  shows  that  in  mixtures  of  CaO  and  SiO,  there  are  pos- 
sible two  compounds  and  three  binary  eutectics  having  definite  melt- 
ing points.  All  other  ratios  of  CaO  and  SiO,  than  these  five  have  a 
melting  interval  rather  than  a  melting  point.  The  interval  is  be- 
tween the  melting  point  of  the  eutectic  and  the  temperature  repre- 
sented by  the  upper  curve,  A  B  C,  at  which  all  the  material  has 
become  liquid. 

DETEBMINATIGN  OF  THE  MELTING  INTEBVAL. 

It  is  possible  to  determine  this  melting  interval  by  the  ^^  quenching 
method  "  of  the  geophysical  laboratory.* 

By  this  method  a  small  charge  of  the  mixture  is  held  at  a  definite 
temperature  until  equilibriimi  is  insured,  when  the  melted  mixture 
is  dropped  suddenly  into  a  basin  of  mercury,  in  which  it  is  instantly 
cooled  before  any  crystallization  can  occur.  The  degree  of  melting 
for  the  given  temperature  is  shown  by  the  percentage  of  glass  found 
when  the  melted  mixture  is  examined  under  the  microscope.  By 
repeating  the  test  several  times  at  different  temperatures  the  melting 
interval  may  be  determined. 

RELATION  OF  MELTING  INTEBVAL  TO  CLINKEB  FOBMATION. 

The  quenching  method,  although  undoubtedly  the  only  scientific 
method  of  determining  the  degree  of  melting  at  any  given  temper- 
ature, does  not  give  any  information  regarding  the  viscosity  of  the 
fusion,  and  therefore  would  not  in  itself  serve  as  a  practical  techni- 
cal test  of  probable  clinkering  characteristics.  As  regards  clinker 
formation,  information  is  desired  as  to  the  temperature  at  which  the 

•  Day,  A.  L.,  and  SoBman,  R.  B.,  The  molting  points  of  minerals  In  the  light  of  recent 
Invpstlgatlons  on  the  gais  thermomctor :  Am.  Joar.  Sci.,  vol.  31,  1911,  p.  848. 
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ash  may  form  a  slag  of  suflScient  fluidity  to  flow  or  agglomerate  in  the 
fuel  bed ;  this  temperature  is  usually  below  the  temperature  of  com- 
plete melting  as  shown  by  the  quenching  method,  owing  to  the  for- 
mation of  low-melting  eutectics,  as  already  described. 

The  difference  between  the  flowing  or  softening  temperature  and 
the  temperature  of  complete  melting  varies  greatly  in  different  ashes, 
depending  on  the  relative  proportion  of  initially  melting  eutectic 
and  the  viscosity  of  this  initial  slag.  If  this  slag  is  very  fluid  it 
may  flow  readily  to  form  clinkers,  and  yet  contain  a  considerable 
proportion  of  solid  constituents  in  suspension.  On  the  other  hand, 
if  the  ash  were  composed  almost  wholly  of  alumina  and  silica,  it  could 
be  completely  melted  and  yet  not  flow  readily,  owing  to  its  high  vis- 
cosity. Hence,  any  laboratory  method  of  determining  the  fusibility 
of  ash,  together  with  the  degree  of  clinker  formation,  should  indicate 
the  viscosity  as  well  as  the  melting  temperatures.  A  theoretically 
correct  method  would  be  one  in  which  the  viscosity-temperature  curve 
of  the  melt  for  blast-furnace  slags  is  determined,  as  has  been  done 
by  one  of  the  authors.^  This  method  is  not  available,  as  when 
it  is  used  the  iron  oxides  are  reduced  by  the  graphite  parts  of  the 
apparatus.  Probably  the  simplest  method  of  roughly  determin- 
ing the  temperature  at  which  the  melting  ash  forms  a,  slag  of 
standard  viscosity  is  the  usual  softening-temperature  test,  which  is 
employed  by  the  metallurgist  in  determining  the  ^^  formation  tem- 
perature '^  of  slags.^ 

DETEBMINATION  OP  SOrTENING  TEMPEBATtTBE. 

Determination  of  the  softening  temperature  of  an  ash  is  usually 
made  by  molding  the  ash  in  the  form  of  a  small  triangular  pyramid 
similar  to  a  Seger  cone,  and  noting  the  temperature  of  deformation 
when  the  cone  is  heated  at  a  definite  rate.  The  temperature  at  which 
the  cone  has  bent  over  until  the  apex  touches  the  base,  or  at  which  it 
collapses  to  a  lump,  is  taken  as  the  softening  point. 

Day  and  Shepard ''  have  shown  that  a  cone  made  of  silicate  mix- 
tures that  are  capable  of  forming  eutectics  begins  to  weaken  as  soon 
as  the  eutectic  begins  to  melt ;  its  further  progress  is  then  governed 
entirely  by  the  relative  quantity  of  eutectic  present  and  its  viscosity 
after  melting.  If  the  constituents  of  the  ash  are  such  as  to  form  a  rela- 
tively large  proportion  of  thinly  fluid  eutectic,  the  deformation  point 
of  the  cone  will  lie  close  to  the  melting  point  of  the  eutectic ;  on  the 

*  Felld,  A.  L.,  A  method  for  measuring  the  viscosity  of  blast-furiiAce  slags  at  high  tem- 
peratures :  Tech.  Paper  157,  Bureau  of  Mines.  1916,  p.  21. 

*Polton.  C.  H.,  Principles  of  metallurgy,  Ist  ed.,  1910,  p.  274. 

'Daji  A.  L.,  and  Sbepard,  B.  S.,  The  llme-sllica  aeries  of  minerals:  Am.  Jour.  Sci., 
▼(^  22,  1906,  p.  267.  Also,  for  a  full  discussion  of  the  theory  of  Seger  cones,  see 
Kosman.  R.  B.,  The  phyaical  chemistry  of  Seger  cones:  Trans.  Am.  Cer.  Soc,  vol.  15. 
1918,  pp.  482^98. 


20  FUSIBILITY  OF  COAL  ASH. 

other  hand,  if  there  is  a  large  excess  of  some  refractory  component, 
as  silica  or  aluminum  silicate,  or  if  the  eutectic  is  viscous,  the  excess 
component  will  form  a  rigid  skeleton,  which  is  not  pulled  down  by  the 
eutectic,  the  deformation  point  approaching  more  nearly  the  melting 
point  of  the  rigid  component. 

rACTOBS  INPLT7ENGINO  SOFTENINO  TEXPEBATUBE. 

The  whole  phenomenon  of  softening  and  fusion  of  ash  is  a  result 
of  chemical  reaction,  melting,  and  solution,  in  which  the  time  factor 
and  the  fineness  of  division  of  the  constituents  are  of  the  greatest 
importance.  Some  reactions  between  ash  constituents,  and  between 
certain  oxides,  with  the  atmosphere  in  which  the  ash  is  heated  take 
place  before  any  melting  begins.  Other  reactions  of  various  veloci- 
ties make  their  appearance  after  incipient  fusion.  Also,  certain  con- 
stituents have  a  slow  rate  of  melting,  as,  for  example,  silica  and  feld- 
spar. These  substances  can  be  heated  above  their  melting  points  and 
yet  remain  in  a  crystalline  form  for  some  time.  It  is  obvious,  then, 
that  the  softening  temperature  of  an  ash  cone  must  be  affected  by  (1) 
the  size,  shape,  and  inclination  of  the  cone,  (2)  the  fineness  of  the  ash, 
(8)  the  rate  of  heating,  and  (4)  the  nature  of  the  atmosphere  in 
which  the  cone  is  heated. 

INFLXTENCE  OF  IBON  OXIDES. 

Owing  to  the  invariable  presence  of  iron  oxide  in  coal  ash,  the 
nature  of  the  surrounding  gases — whether  oxidizing  or  reducing— 
determines,  in  part,  the  role  which  the  iron  shall  play  in  the  slag- 
ging reactions.  In  the  ordinary  method  of  preparing  a  coal  ash  by 
burning  off  the  carbon  in  air  at  a  red  heat  the  iron  content  is  prac- 
tically all  converted  to  ferric  oxide  (FcjOa).  As  this  oxide  is  heated 
in  air  it  begins  to  dissociate  at  about  1,100°  C.,*  forming  a 
solid  solution  containing  ferrous  oxide  (FeO).  The  degree 
of  dissociation  increases  with  the  temperature,  so  that  ultimately  all 
the  ferric  oxide  is  converted  to  magnetite  (Fe^O^)  at  approxi- 
mately 1,350°  C.K  Therefore,  in  determining  the  softening 
temperature  of  an  ash  in  air,  with  absolutely  no  reducing  gases 
present,  we  are  dealing  with  the  formation  of  slags  in  which  the  iron 
component  enters  the  reaction  as  ferric  oxide  or  as  a  solid  solution 
varying  in  composition  from  FcaOg  to  Fe304.    Such  slags  are  more 

refractory  and  more  viscous  than  those  formed  by  heating  mixtures 

-     — ——. —  - -  ■ — ■ —  '  — 

•  Sosman,  R.  B.,  and  Hostetter,  J.  C,  The  oxides  of  iron.  Solid  solution  in  the  system 
Fe«0»-Fe804:  Jour.  Am.  Chem.  See,  vol.  38,  1916,  pp.  807-833;  HoRtetter,  J.  C.  and 
Sosman,  R.  B.,  The  dissociation  of  ferric  oxide  in  air:  Jour.  Am.  Chem.  Soc.,  toL  38. 
1916,  pp.  118a-1198. 

*  Walden,  P.  T.,  On  the  dissociation  pressure  of  ferric  oxide :  Jour.  Am.  Chem.  Soc. 
vol.  30,  1908,  p.  1350. 
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under  conditions  favoring  the  formation  of  ferrous  iron.    Peters* 
states  that — 

Ferric  oxide  forms  compounds  with  silica  which  require  a  high  temperature 
for  their  fusion,  and  is  consequently  an  unwelcome  base  for  slags;  although 
this  substance  is  an  almost  invariable  constituent  of  oxidized  ores,  it  seldom 
makes  any  trouble  in  the  blast  furnace,  for  the  reason  that  it  is  easily  re- 
duced by  the  fuel  gases  to  ferrous  oxide  (FeO). 

In  the  more  neutral  atmospheres  of  the  reverberating  smelter,  however,  it 
is  likely  to  cause  delay  by  combining  with  silica,  making  it  more  difficult  to 
melt  the  slag. 

On  the  other  hand,  if  the  ash  cone  is  heated  in  a  reducing  atmos- 
phere of  hydrogen  and  water  vapor  *  or  carbon  monoxide  and  carbon 
dioxide,  the  ferric  oxide  is  reduced  largely  to  ferrous  oxide,  which 
is  a  much  stronger  fluxing  agent  than  the  higher  oxides  of  iron. 
Steffe  ^  found  the  following  formation  temperatures  for  various  fer- 
rous silicates  and  f erro-calcic  silicates : 

Formation  temperatures  of  ferrous  and  ferro-calcic  silicates,  after  Bteffe., 

Componnd.  Formation  temperature^  **  C. 

4PeO.   Sia 1.158-1,174 

2FeO,    SlOi 1,162-1,183 

4FeO,  SSiO, 1.162-1,181 

FeO.   SIO, 1,158-1,171 

2FeO,   3SiO, 1,321-1,334 

2(FeO,  CaO)SiO, 1,122-1,137 

As  shown  by  Greiner,**  the  viscosity  of  ferrous  silicate  slags  is  lower 
than  that  of  slags  in  which  the  iron  component  enters  the  reaction  in 
the  ferric  form.  Hence,  the  conclusion  seems  logical  that  in  general 
lower  softening  temperatures  may  be  expected  if,  before  fusion  be- 
gins, the  atmosphere  surrounding  the  cone  is  able  to  reduce  most  of 
the  iron  to  the  ferrous  state,  but  not  to  metallic  iron,  for,  if  the  iron 
is  reduced  to  the  metallic  state,  one  of  the  most  active  fluxing  con- 
stituents is  removed  from  the  system.  Most  ashes  have  an  excess  of 
hi^-melting  constituents  like  silica  and  alumina,  so  that  any  con- 
siderable reduction  of  iron  oxide  to  metallic  iron  tends  to  increase  the 
refractory  effect  of  the  silica  and  alumina.  Hence,  lower  softening 
temperatures  may  be  expected  in  tests  made  in  gas  furnaces,  in  which 
some  reducing  gases  come  in  contact  with  the  ash,  whereas  higher  re- 
sults should  be  found  both  in  furnaces  in  which  air  only  surrounds 
the  ccme,  and  in  carbon  or  graphite  electric  furnaces  in  which  strongly 
reducing  atmospheres  reduce  the  iron  oxides  to  metallic  iron. 

•  Peters,  E.  D.,  Principles  of  copper  smelting :  New  York,  1907,  pp.  399-400. 

^  Hilpezt,  S.,  and  Beyer,  J.,  Ber.  deut  chem.  Gesel.,  Jahrg.  44,  1911,  pp.  1608-1619. 

«  Steffe,  Herman,  Ueber  die  Blldangs  temperatnren  elnlger  Elsenoxydal-Kalkschlacken 
and  dniger  kalkfreien  Bilaenoxydul-Schlochen,  deren  Kenntniss  ftir  das  Verschmelzen 
der  Blelerze  Bedentung  hat:  Dissertation,  Berlin,  1908. 

'Grefner,  £.,  Ueber  die  abMnglgkeit  der  Vlscosltftt  In  Sllikat  Schmelzen  von  Ibrer 
Zqcanunensetsang :  Inaugural  dissertation,  Jena,  1907,  p.  55. 
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EZPEBUENTS  WITH  SEQEE  COHES. 
DESCBIpnON  OP  YVSSAGSS. 

In  studying  the  effect  of  various  factors  on  the  softening  tempera- 
ture of  ash,  the  authors  made  testa  with  a  selected  series  of  coal  ashes 


Ftecii   2. — flectliin   through   plat Innm -wire   i 

Dace,  trpe  B:  >,  porrflRlti  tube,  2%  tncbes  In  Inalde  diameter  and  13  Incbn  lonK 
woUDil  with  a  placinum-toll  hFatlns  eli^Rieiit ;  c,  ■lumlum  tube,  1|  laches  In  ioilde 
(llameter  lod  fl  Inche*  long,  wllh  f,-\nch  wail ;  d,  IT  tevt  ot  plallDum  wire  3/100  of 
an  Inch  In  diameter,  wound  on  the  iDilde  o(  tut>e  o,  >U  turni  to  the  Inch  In  tbe 
■Diddle  and  closer  at  ttie  ends  to  compensate  partly  tor  the  radlatloo  at  the  end): 
«,  alundum  extraction  thimble  No.  CiSll.  30  mm.  In  diameter  and  SO  mm.  long; 
t,  g,  and  A,  1,  alandnm  disks ;  },  obsenallon  bole ;  ft,  tbormo  element  made  ol  platlnam 
and  platinum-rbodlum  :  I,  ash  cone. 


in  different  types  of  furnaces  such  iis  are  in  more  or  less  common  use 
for  such  tests.  Each  of  those  furnaces  has  its  own  particular  atmos- 
phere— oxidizing,  reducing,  or  neutral — which  is  the  principal  cause 
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of  the  large  variations  that  were  found  on  comparing  the  softening 
temperatures  of  the  same  sample  in  the  different  furnaces. 
In  the  comparative  tests  six  furnaces  were  used,  as  follows : 
1.  Platinum- wire  resistance  furnace  (fig.  2),  having  an  oxidizing 
atmosphere  of  air,  with  absolutely  no  reducing  gases  present. 


MMIf9M«N>AN 


F" 


5==t5fc3 


2.  Meker  muffle  furnace  No.  29  (fig.  3),  having  an  atmosphere  of 
air  and  combustion  gases. 

3.  Muffle  furnace  No.  2,  having  an  atmosphere  of  air  and  combus- 
tion gases. 

4.  Molybdenum-wire  resistance  furnace  (fig.  4),  having  a  reducing 
fttmospber^  of  hydrogen. 
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5.  Uraaulai'-cari)oii  resistance  furnace  (fig.  5),  having  a  reducing 
atmosphere  of  carbon  monoxide. 

6.  Xorthnip  graphite  resistance  furnace  (fig.  6),  having  a  reduc- 
ing atmosphere  of  carbon  monoxide. 


riouBE  6. — Orenular-CBiboD  reBlEtaacc  turouce.  a,  Graaular-carbon  reslBter,  roaslBtlng 
at  plpctrode  cartion  crusbed  to  pasK  a  6-DieBb  aDd  remain  on  a  12'nieBh  screeo ;  b,  flrv- 
I'laj'  cfUnder,  B  liiiihts  Id  eitviaal  diameter,  10  Inches  high,  l-lDch  wall ;  c,  tnnslt 
base,  i  Inch  thick ;  d.  fire-clay  coier  plate,  2  Inches  thick ;  t,  Blnndom  tube.  Z-tnch  brnv. 
S  iDcbeB  long.  ]-lacb  vail ;  /,  alundDm  tube.  3-liich  bore,  4  iDcbes  lone,  w-inch  wall  ; 
17,  Jnrerted  alDndum  cnielble ;  h,  Huh  cone  ;  *,  i.  wrooEhl-iron  electrodes ;  /,  tlt7H;lay 
plBtf  roverlDg  pi-i-pbole ;  K,  granular  carbon ;  I,  magneEla  Inmlatlng  material. 

Before  studying  the  results  obtained  in  each  furnace,  as  presented 
in  the  following  pages,  the  reader  is  invited  to  notice  the  general 
method  of  operating  the  furnaces  as  outlined  in  the  titles  of  the  fig- 
ures showing  them. 
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DESCBIFTION  ANI>  ASALT8E8  OF  COAL  SAMPLES  USED  IN  TESTS. 

The  description  and  origin  of  the  coal  samples  are  given  in  Table 
1  following,  and  the  analyses  of  the  ash  and  partial  analyses  of  tiie 
coal  in  Table  2  following.  As  may  be  seen  from  an  inspection  of 
these  tables,  the  series  of  fuels  tested  include  anthracite,  bituminous, 


Fi«(llB  B, --Arrangement  tor  «oftenlDB  temperature  test  In  Nortbra(i  fomaM.  o,  Re- 
tr«ctory  plus  ;  6,  gTBphlte  tnb«  lor  protecting  heater  trom  oxldaUoo,  11  Incbea  In  Intetual 
dluneter,  12t  Inchea  long;  0,  asb  cone;  d,  Inverted  alnndnm  eitrs<^tIon  opiule.  S 
■nchea  hlxb ;  e,  solid  graphite  cylinder,  2  loctaes  high ;  !,  grsphlte  heater  unit  1 
t,  iAMrratloD  liolei,  1  incb  In  diameter ;  h,  terminal  of  graphite  beater  unit. 

sunibituminous,  and  subbituminous  coal,  lignite,  and  peat;  the  com- 
position of  the  ash  covers  a  fairly  wide  range,  the  silica  content  vary- 
ing from  18.3  to  76  per  cent;  alumina  from  8.6  to  34.7;  ferric  oxide 
from  3.8  to  69.7;  lime  from  0.6  to  18.6;  and  magnesia  from  0.2  to 
10  per  c«Dt. 
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Table  1. — Charvct^  and  source  of  coal  tamplet. 
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T^BLE  1. — Character  and  source  of  coal  samples — Ck)ntinued. 
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do 

BitumlQOiis 

do 

Semibituminous . 
Bitiiniiiious 


Semibituminous . 
Bituminous 


do 

. . . .  .do. ........... 

do 

fiemianttaracite. . . 
Semibituminous . 

do 

Bituminous 

Subbituminous. . 

Lignite 

Biraminous. 

do 

do 

Semibituminous . 

do 

do 

Bituminous , 

do 

do 

do 


.do. 
.do. 

.do. 


Coal  bed. 


Pocahontas, 

do 

do 

SeweU 


do 

do 

JeUioo 

Coal  Creek. 


Upper  and  Lower 
Banner. 

Lower  Kittanning 
orB. 

Lower  Weir- Pitts- 
burg. 

Saginaw 

No.  6 

No.  2 

Spadra 

Pocahontas  No.  3. . 

SeweJl 


Herrin  or  No.  6 
Carney 


Freeport . . . 
Pittsburgh. 
Freeport... 


Lower  Kittanning . 


Pittsburgh. 


Location  of  mine. 


Nearest  town. 


County. 


Dunlap  and  Pru- 
dence. 

do 

do 


Huntington. 
Dante 


Nanty  Olo, 
Frontenac. 


Akron.... 
Duquoin . 


New  Kensington . 


New  Kensington . 


Fayette. 


do.... 

do.... 

Campbell. 
Anderson. 
Sebastian. 
Russell... 


Cambria. 
Crawford. 


Tuscola 

Perry 

Saginaw 

Johnson 

McDowell 

Fayette 

Pierce 

Macaupin 

Sheridan 

Williams 

Westmoreland 
Washington... 
Westmoreland 


Vintondale 

Castle  Gate 

Sunnyside 

Clear  Creek 

/Blaine 

VDiamond 

Male  and  Lady- 
smith. 

NoriblkNo.  3.... 


Cambria 

Carbon 

do 

do 

Alkeheny... 
Washington. 
ClearfleM.... 


McDoweU. 


State. 


} 


W.Va. 
Do. 
Do. 
Do. 

Do. 

Do. 
Tenn. 

Do. 
Ark. 
Va. 

Pa. 

Kans. 

Mich. 

m. 

Mich. 

Ark. 

W.Va. 

Do. 
Wash. 
111. 
Wyo. 
N.Dak. 
Pa. 

Do. 

Do. 
W.Va. 

Do. 

Do. 
Pa. 
Utah. 

Do. 

Do. 

Pa. 
Do. 

W.Va. 


a  Clinker  from  gas  producer. 


Table  2,— Analyses  of  ash  and  coal. 


Analyses  of  ash. 

Analy 

ses  of  dry  coal. 

Ub. 
No. 

Sam- 

fife 

SOa. 

p  a 

SiO,. 

AltO,.« 
P.ct. 

Fe,0,. 

TiO,. 

CaO. 

MgO. 

NasO. 

KsO. 

Sul- 
phur. 

Ash. 

Fe,0,. 

P.  a. 

P.ct. 

P.et. 

P.ct. 

P.et. 

P.ct. 

P.ct. 

P.ct. 

P.et. 

1&840 

1 

35.7 

23.5 

32.9 

L2 

3.2 

1.1 

0.3 

1.1 

0.5 

3.1 

10.8 

3.0 

U841 

2 

47.3 

34.0 

0.8 

1.8 

1.3 

.4 

2.1 

2.5 

.1 

1.7 

17.4 

1,7 

Ii8l2 

3 

55.8 

33.5 

5.0 

.9 

1.5 

.7 

.5 

2.2 

.1 

.8 

15.6 

.8 

15843 

4 

43.3 

3L4 

13.6 

1.2 

4.2 

1.4 

.6 

2.9 

L4 

L5 

8.6 

L2 

vm 

5 

42.2 

30.6 

10.0 

L2 

1.3 

LO 

1.3 

2.9 

.2 

1.4 

7.5 

1.4 

1»45 

6 

12.3 

12.2 

60.7 

.4 

3.9 

.7 

.3 

.6 

.2 

5.8 

8.2 

5.7 

15846 

7 

54.1 

34.7 

4.5 

1.5 

L2 

.9 

.6 

2.5 

.2 

.7 

17.7 

.8 

158(7 

8 

46.8 

2&7 

18.0 

1.4 

.6 

.9 

1.6 

2.4 

.3 

2.3 

12.7 

2.3 

15848 

9 

54.8 

27.0 

7.0 

1.3 

4.3 

L7 

.3 

3.1 

1.4 

.6 

17.5 

L2 

10018 

10 

3&4 

24.2 

22.4 

LI 

7.7 

.9 

.3 

L9 

3.8 

2.1 

7.9 

L8 

16019 

11 

50.4 

24.0 

30.4 

1.4 

1.7 

.2 

LO 

LO 

.3 

2.7 

10.9 

2.2 

1IM3 

12 

37.1 

17.0 

35.9 

.7 

3.2 

.9 

.4 

1.8 

2.3 

5.8 

11.5 

4.1 

16583 

13 

54.8 

27.0 

7.8 

L6 

1.6 

L5 

2.2 

1.9 

.5 

.7 

8.0 

.6 

16564 

14 

54.8 

29.2 

6.9 

L8 

L4 

.6 

1.9 

2.1 

LO 

.7 

7.5 

.5 

16585 

15 

54.1 

24.8 

9.4 

2.3 

4.0 

L4 

LO 

.8 

2.8 

.6 

7.1 

.7 

16586 

10 

37.2 

25.5 

11.8 

L5 

12.6 

L9 

L4 

.4 

5.6 

.6 

5.9 

.7 

16587 

17 

5L1 

^.2 

10.1 

L8 

5.1 

L6 

.8 

.9 

8.1 

.6 

6.8 

.7 

16589 

18 

5L8 

25.0 

9.0 

2.0 

4.0 

1.5 

L3 

.8 

4.3 

.7 

5.6 

.6 

I'lmi 

19 

56.1 

31.4 

5.0 

L9 

LO 

LO 

.7 

3.1 

.5 

.7 

21.5 

2.1 

mi 

26 

6&9 

21.4 

4.5 

2.6 

2.0 

.7 

.6 

.5 

«•••••■. 

.6 

17.2 

.8 

28 
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Tabt^  2. — Analyses  of  fish  and  coal — Continned. 


Analyses  of  ash. 

Analjrses  of  dry  ooaL 

Lab. 
No. 

Sam- 
ple 
No. 

SiO,. 

Al,0,.o 

Fe,0,. 

Tie,. 

CaO. 

MgO. 

Na,0. 

K,0. 

SO,. 

Sul- 
pbur. 

1 

FeA. 

P.d. 

P.d. 

P,et. 

P.  a. 

P.rt. 

P,et. 

P.rt. 

P.ei. 

P.et. 

P.d. 

P.d. 

7306 

27 

69.4 

21.5 

4.8 

2.0 

L6 

.8 

.5 

L4 

.7 

14.8 

7308 

28 

64.7 

23.2 

4.7 

2.6 

L2 

.8 

.3 

.5 

L6 

.7 

14.8 

.  i 

7309 

29 

69.6 

19.7 

5.2 

2.2 

2.0 

•  4 

.4 

.5 

.7 

14.1 

.7 

12090 

49 

54.7 

32.9 

8.0 

L6 

•  V 

.6 

.2 

.9 

U.1 

1.0 

7228 

51 

54.5 

27.0 

12.1 

L8 

L5 

•  9 

.5 

L9 

L7 

U.4 

14 

7230 

52 

53.2 

26.0 

1&8 

L4 

1.0 

»  § 

.3 

1.6 

.4 

L7 

XL  4 

L? 

7141 

53 

54.6 

25.7 

12.4 

1.4 

4.3 

m  O 

.6 

L3 

L4 

12.5 

1.6 

7458 

54 

66.8 

28.2 

11.3 

L2 

LO 

.8 

.6 

L6 

L8 

12.3 

1.4 

13316 

55 

15.2 

&6 

13.3 

18.1 

10.0 

5.3 

L8 

26.9 

&2 

1.1 

7548 

56 

47.9 

23.7 

5.5 

2.0 

18.6 

3.3 

.4 

.2 

L5 

16.6 

.9 

7381 

57 

46.2 

24.3 

6.2 

L8 

18.5 

3.0 

•     .6 

.5 

L5 

15.5 

1.0 

7490 

58 

43.2 

16.9 

7.1 

1.6 

12.2 

L7 

.2 

.3 

i6.6 

2.2 

19.1 

1.4 

7494 

59 

52.5 

2L5 

8.8 

1.6 

14.4 

2.4 

.5 

.2 

2.3 

10.1 

1.7 

7522 

60 

47.5 

29.1 

5.3 

2.0 

14.0 

2.2 

.4 

.3 

L4 

18.6 

LO 

7534 

61 

39.3 

24.8 

3.8 

L9 

14.9 

L7 

.2 

.4 

ii'5 

L4 

16.6 

.6 

7536 

62 

46.5 

28.4 

5.2 

2.0 

16.1 

2.3 

.7 

.2 

L4 

16.6 

.9 

7159 

63 

76.0 

11.7 

4.5 

1.0 

2.8 

3.1 

LO 

.9 

L4 

32.3 

LS 

19842 

71 

54.1 

25.8 

9.0 

1.0 

L9 

L2 

L6 

3.8 

L4 

.6 

12.4 

1.1 

20021 

72 

49.9 

29.1 

10.0 

LI 

3.7 

L4 

.9 

.7 

2.5 

.5 

22.7 

2.3 

20204 
20217 

6  77 

6  78 

59.7 
56.3 

26.4 
25.9 

7.0 
9.5 

2.6 
3.1 

L3 
L5 

......i 

n 

.6 
.6 

6.7 
6.2 

.4 

.« 

20851 

79 

54.3 

24.6 

12.4 

LI 

L4 

.4 

i's 

LO 

1.6 

.9 

7.4 

.9 

20913 

82 

48.0 

28.0 

11.7 

L9 

3.6 

LI 

L4 

L9 

2.9 

L5 

8.6 

1.0 

20914 

83 

37.9 

27.3 

18.4 

3.0 

5.6 

1.4 

L9 

LI 

8.8 

3.1 

10l8 

2.0 

21328 

684 

37.4 

23.3 

28.8 

3.8 

3.0 

(») 

LI 

2.8 

0.5 

2.7 

021895 

685 

38.8 

25.5 

7.9 

L3 

12.1 

2.4 

2.5 

1.7 

8.8 

.6 

&6 

.7 

22665 

686 

31.0 

22.7 

41.9 

2.1 

.5 

(») 

.6 

3.1 

8.2 

3.4 

22855 

87 

34.2 

14.6 

8L5 

.7 

7.6 

.9 

i.i 

L5 

6.5 

5.0 

19.0 

6.0 

22991 

89 

52.0 

25.9 

13.4 

LI 

2.5 

.6 

.8 

L6 

L8 

L8 

1L2 

.5 

13629 

98 

38.2 

23.4 

23.5 

5.6 

LI 

5.3 

L4 

2.9 

2.9 

12.5 

19 

23507 

100 

42.7 

25.6 

18.9 

L2 

5.2 

.4 

.7 

L3 

4.2 

2.4 

1L9 

22 

17559 

64 

50.5 

29.2 

9.3 

2.1 

L8 

2.1 

.7 

3.5 

.5 

.7 

1L2 

LO 

17560 

65 

47.8 

27.0 

13.6 

2.1 

2.4 

1.7 

.4 

3.1 

L3 

.7 

&4 

1.2 

18121 

66 

3L9 

23.2 

19.6 

L8 

0.8 

LI 

.7 

2.6 

8.8 

L8 

7.6 

1.5 

19514 

67 

43.8 

29.0 

18.4 

2.6 

2.6 

.2 

.5 

LI 

L9 

L4 

7.0 

1.3 

19817 

68 

4a9 

24.6 

10.5 

2.8 

4.2 

2.1 

LI 

2.7 

3.0 

.9 

14.2 

L5 

19818 

69 

49.8 

25.5 

9.6 

L7 

3.8 

2.5 

L3 

3.3 

2.6 

.0 

16.7 

1.6 

19841 

70 
73 

.5 
.4 

5.4 
22.2 

20022 

51.3 

25.9 

8.3 

2.3 

5.1 

3.0 

LI 

LI 

2.4 

1.8 

20023 

74 

49.1 

28.7 

7.9 

L4 

5.9 

L8 

.6 

.8 

8.3 

.4 

13.3 

LI 

20153 

75 

55.9 

24.9 

6.5 

3.5 

3.5 

.5 

L8 

LO 

2.1 

.9 

21.7 

L4 

20191 

76 

54.2 

22.5 

8.4 

3.9 

4.0 

LO 

L7 

LI 

3.5 

.7 

&9 

.5 

20852 

80 

46.2 

27.9 

18.4 

2.0 

2.0 

.6 

L2 

L3 

LO 

L2 

6.3 

L3 

20853 

81 

47.4 

27.3 

15.2 

2.1 

L7 

L3 

L2 

2.7 

.8 

LO 

7.2 

LI 

20913 

82 
83 
85 
88 

LO 

L6 

.6 

4.7 

5.5 
7.0 
8.6 
7.8 

20914 

21895 

22988 

17.8 

15.6 

59.8 

.6 

L9 

.5 

LI 

.7 

L9 

4.7 

23014 

90 

40.2 

26.6 

14.9 

L2 

7.2 

.7 

.8 

2.4 

5.8 

2.4 

15.2 

2.3 

2 

91 

11.0 

27.5 

34.6 

L4 

10.7 

3.1 

.6 

.3 

9.7 

L7 

0.6 

3.3 

3 

92 

50.3 

21.9 

5.9 

6.2 

L9 

.6 

L8 

L4 

LI 

.6 

7.4 

.4 

4 

93 

40.8 

25.8 

24.5 

3.1 

2.6 

.7 

.8 

.7 

.4 

.8 

3.5 

.9 

6 

94 

20.8 

31.6 

23.9 

2.8 

9.0 

LI 

L4 

.8 

ao 

.8 

8.6 

2.1 

9 

95 

58.6 

21.7 

7.5 

3.3 

2.7 

.7 

2.0 

2.2 

L6 

4.5 

1L5 

.9 

10 

96 

23.0 

24.3 

4.4 

.7 

20.6 

3.0 

8.8 

.5 

19.2 

.5 

6.2 

.7 

11 

97 

7.7 

12.1 

6.9 

.3 

22.9 

4.2 

18.2 

.6 

26.8 

.8 

&8 

.« 

23331 

99 

46.3 

22.7 

10.8 

L3 

8.7 

.4 

.7 

LI 

7.5 

L5 

12.3 

1.3 

22934 

104 

30.3 

24.6 

87.9 

L3 

3.0 

.2 

.5 

.6 

2.0 

2.7 

7.4 

2.7 

23136 

106 

48.4 

16.5 

5.6 

14.5 

2.6 

2.1 

.7 

8.8 

.4 

5.4 

.3 

23137 

106 

65.1 

34.0 

4.4 

4.1 

.1 

.7 

.2 

L3 

.7 

5.3 

.7 

23138 

107 

60.0 

17.6 

6.2 

7.0 

.7 

L5 

.4 

6.4 

.6 

4.1 

.3 

23581 

108 

48.0 

24.7 

11.6 

L8 

5.8 

.5 

H 

LO 

5.0 

L5 

10.2 

25366 

109 

42.5 

31.8 

19.6 

L8 

2.1 

.2 

.8 

.6 

.9 

L5 

8.8 

,  ,  •  -  .  • 

25370 

110 

63.8 

22.6 

5.7 

3.7 

1.3 

.7 

L2 

.7 

.7 

.5 

10.0 

a  PsOft  included  with  Al,Os.  Ti O,  not  determined  separate] y  but  included  with  AlfOt  In  all  cases  when 
no  result  for  TiOs  is  given. 

6  Analysis  is  not  that  of  coal  ashed  in  laboratory  but  of  ashes  taken  from  steaming  tests  in  which  shnilar 
coal  was  used. 

e  Alkalies  not  determined. 
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PBEPASATION  OF  ASH. 

The  coal  samples  were  ground  to  60  mesh  with  a  crusher,  rolls,  and 
ball  mill  as  described  in  Technical  Paper  8.*  The  60-mesh  material 
was  spread  out  on  shallow,  6-inch,  fire-clay  roasting  dishes,  and  re- 
duced completely  to  ash  with  occasional  stirring  in  a  muffle  furnace 
at  a  temperature  not  exceeding  750°  C.  All  of  the  ash  was  finally 
put  through  a  100-mesh  screen  and  thoroughly  mixed. 

P&EFASATIOK  OF  CONES. 


Sufficient  ash  to  make  the  desired  number  of  cones  was  transferred 
to  an  agate  mortar,  moistened  with 
dextrin  solution,  and  worked  into 
a  plastic  mass  with  a  spatula  or 
pestle.  After  the  brass  mold  (fig. 
7)  had  been  lubricated  with  vaseline 
the  plastic  material  was  firmly 
pressed  into  it  with  a  knife  spat- 
ula, and  the  surface  struck  off 
smooth  to  make  a  neat,  solid  tri- 
angular pyramid.  The  cone  was 
then  pushed  out  of  the  mold  by  ap- 
plying a  small  knife  blade  at  the 
base.  With  a  little  practice  and 
proper  lubrication  of  the  mold  the 
cone  can  be  ejected  immediately 
after  molding  without  waiting  for 
the  cone  to  dry;  a  slight  round- 
ing of  the  bottom  groove  of  the  mold  greatly  facilitates  removal  of 
the  cone. 

After  the  cones  had  dried,  they  were  mounted  in  a  refractory  base 
composed  of  a  mixture  of  equal  parts  of  kaolin  and  alumina  (AlgOg). 
This  mixture  was  moistened  with  water  to  make  it  workable,  and 
enough  was  taken  for  the  base  to  be  made  and  was  spread  on  a  sheet- 
iron  plate.  A  small  hole  was  made,  into  which  the  cone  was  set, 
and  the  base  material  was  worked  around  the  bottom  of  the  cone  so 
that  it  would  be  firmly  set  at  the  desired  inclination  in  the  base.  The 
iron  plate  was  then  put  on  a  hot  plate,  and  the  mounted  cones  were 
dried  slowly  until  all  water  had  been  driven  off.  After  the  dextrin 
had  been  burned  by  igniting  the  mounted  cones  in  a  muffle,  they  were 
ready  for  use.  In  the  earlier  experiments  the  cones  were  made  di- 
rectly from  the  100-mesh  ash ;  later  it  was  found  that  ash  ground  to 

•Stanton,  F.  M.»  and  Fleldner,  A.  C,  Methods  of  analyzing  coal  and  coke:  Tech. 
Paper  8,  Bureau  of  Mines,  19 IS,  pp.  7-&. 


Figure  7. — Brass  cone  mold. 
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an  impalpable  powder  (or  at  least  to  pass  a  200-mesh  screen)  made  a 
more  substantial  and  more  easily  molded  cone  than  100-mesh  mater- 
ial Four  different  sizes  of  cones  were  used,  as  follows : 

8iz€8  of  cones. 

No.  1 — Side  of  base,  i  inch ;  height,  1  Inch. 
No.  2 — Side  of  base,  i  inch ;  height,  11  inchea 
No.  S — Side  of  base,  A  inch ;  height,  1  inch. 
No.  4 — Side  of  base,  i  inch ;  height,  2)  inches. 

GENERAL  METHOD  OF  HEATINa. 

The  general  procedure  in  making  a  softening-temperature  de- 
termination was  the  same  with  all  the  furnaces  used,  though  neces- 
sarily the  details  varied  in  the  different  furnaces.  The  test  cone  was 
put  into  the  cold  or  nearly  cold  furnace  and  the  furnace  was  heated 
at  the  rate  of  10°  to  15^  C.  per  minute  up  to  a  temperature  not  less 
than  200°  C.  below  the  probable  softening  point,  when  the  rate 
(usually  2°  or  5°  C.  per  minute)  which  had  been  adopted  for  that 
particular  determination  was  begun.  Temperature  readings  were 
taken  every  five  minutes,  and  more  frequently  when  the 
softening  temperature  was  approached.  Observations  of  the  appear- 
ance of  the  cone  were  made  at  least  as  often  as  temperature  readings 
were  taken,  special  care  being  taken  to  note  any  deformation  or 
warping  due  to  shrinking  before  actual  softening  began.  The  point 
of  initial  softening  or  deformation  was  taken  as  the  temperature  at 
which  the  first  noticeable  bending,  rounding  at  the  top,  or  swelling  of 
the  cone  took  place.  Warping  of  the  cone  due  to  shrinkage  was  not 
considered  as  the  beginning  of  fusion. 

The  softening  point,  deformation  point,  or  ^^  fusion  point,^  so 
called,  was  taken  as  the  temperature  at  which  the  apex  of  the  cone 
had  bent  over  to  touch  the  base,  or,  failing  to  bend,  had  fused  down 
to  a  lump  or  ball.  Sketches  (fig.  8)  were  made  of  the  appearance  of 
the  cone  at  the  initial  and  final  deformation  points  and  at  several 
intermediate  points  of  deformation,  the  corresponding  temperatures 
being  noted.  Immediately  after  the  temperature  corresponding  to 
complete  deformation  had  been  read,  the  current  or  odier  source 
of  heat  was  reduced  so  that  the  appearance  of  the  cone  could  be 
verified  by  examination  after  removal  from  the  furnace. 

TEMPEBATTJBE  HEASTTBEHENTS. 

The  temperature  measurements  were  made  in  two  ways,  namely, 
by  means  of  a  Heraeus  platinum  and  platinum-rhodium  thermo- 
couple with  Siemens  and  Halske  high-resistance  millivoltmeter,  in 
the  platinum-resistance,  Meker,  and  muffle  No.  2  furnaces,  and  the 
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down-draft  ceramic  kiln,  and  by  means  of  a  Wanner  pyrometer  in 
the  molybdenum,  carbon-resistance,  and  Northrup  furnaces.  The 
thermocouple  and  the  millivoltmeter  were  standardized  from  time 
to  time  in  the  physical  laboratory  of  the  bureau  under  the  direction 
of  J.  E.  Clement,  physicist,  by  comparison  with  a  standard  thermo- 
couple. The  cold  junction  was  kept  at  the  temperature  of  melting  ice 
during  standardization  and  during  use  in  measuring  temperatures. 
Further  checks  on  the  furnace  and  the  pyrometer  were  obtained  by 
placing  crystals  of  pure  diopside^    in  the  positions  occupied  by  the 


^  ^  m 


Original      1^40*         1200*         1800*        1822* 

SAMPLE  16,  SHOWING  GOOD  BEND. 


/f  ^ 


n. 


Original     1830*        1880*         1386*         I400*         i40r 

SAMPLE  15.  WHICH   BENT  AND  MELTED  TO  A  BALL. 


Original     1127"  llgflP         1223*         1244"         1304*         1348" 

SAMPLE  5,  WHICH  BENT  AND  PUFFED. 


S9 


Original    1380*        1300*         1400^ 

SAMPLE  11,  WHICH  BENT  AND  MELTED  TO  A  BALL. 
FiGUBB  8. — Appearance  of  ash  cones  at  various  stashes  of  softening. 

ash  cones  and  noting  the  temperature  of  melting;  usually  the  crys- 
tal melted  between  1,881**  and  1,395®  C.  (corrected  temperature 
readings).    The  melting  point  of  diopside  is  1,391®  C.^ 

The  Wanner  pyrometer  which  was  originally  standardized  by  the 
Beichsanstalt,  was  rechecked  by  the  Bureau  of  Standards  after  most 
of  the  work  described  in  this  paper  had  been  completed,  and  was 
found  to  conform  to  the  original  standardization.    It  was  checked 

'Obtained  through  the  kindness  of  Dr.  A.  L.  Day,  director  of  the  Geophysical  Lab- 
oratory. 

*Day,  A.  L.,  and  Sosman,  R.  B.,  The  melting  points  of  minerals  in  the  light  of  recent 
iDTestlgations  on  the  gas  thermometer :  Am.  Jour.  ScL.  vol.  31,  1911,  p.  346. 
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daily  against  tike  amyl-acetate  flame.  As  this  pyrometer  was  used 
only  with  those  furnaces  that  had  strongly  reducing  atmospheres 
it  was  possible  to  check  the  accuracy  of  the  pyrometer  readings  by 
placing  thin  strips  of  Kahlbaum's  pure  copper  or  Kahlbaum's  pure 
nickel  in  place  of  the  cones  and  noting  the  apparent  melting  tem- 
perature. This  was  done  at  least  once  a  week,  and  at  the  beginning 
and  the  end  of  each  series  of  testa. 

The  results  obtained  in  these  checks  were  usually  within  10^  C. 
of  the  true  melting  point  at  the  copper  point  and  within  20°  C.  at 
the  nickel  point. 


OF  BESULTS  OBTAINED  IN 
FUBNACES.O 


THE  DIFFEBENT 


VARIATIONS  DUE  TO  SIZE  AND  SHAPE  OF  CONE. 

Three  different  sizes  of  cones  were  compared  in  the  Meker,  the 
carbon-resistance  and  the  molybdenum  furnace,  namely,  cone  1,  i 
by  1  inch ;  cone  2,  J-inch  by  1 J  inches ;  and  cone  3,  A-i^^ch  by  1  inch. 
The  results,  which  are  given  in  Table  3  following,  indicate  that  cones 
with  a  wider  base  as  compared  to  height,  as  cone  1,  give  higher  soften- 
ing temperatures  than  the  more  slender  cones  like  cones  2  and  3.  In 
general,  the  slender  type  of  cone  represented  by  size  3,  ^  by  1  inch, 
gave  shorter  softening  intervals  and  less  trouble  from  intumescence 
due  to  evolution  of  gases  from  the  melting  ash. 

Table  8. — Results  of  tests  shatoing  influence  of  size  of  cone  on  softening 

temperature. 

[Rat«  of  hMting,  2*  C.  per  minute;  lOO-mesh  asb;  oones  inclined  35*  flrom  Tertlcal.] 


Meker  fumaoe. 

Carbon  ftunaoe. 

Molybdenqm  taraaot. 

Sample  No. 

Cone  1. 

Cone  2. 

DUTer- 
enoe. 

Conel. 

Cone  2. 

Diflei^ 
enoe. 

Cooel. 

Cones. 

Differ- 
eooe. 

13 

•  C. 

1,406 

1,307 

1,225 

1,242 

1,280 

1,265 

1,388 

1,357 

1,335 

•  C. 

1,273 

1,186 

1,212 

1,182 

1,204 

1,305 

1,376 

1,343 

1,318 

•c. 

+133 
+121 
+  13 
+  60 
+  85 
-  40 
+  12 
+  14 
+  17 

•  a 

1,390 
1,311 
1,394 
1,251 
1,316 
1,357 
1,401 
1,192 
1,327 
1,100 
1,631 
1,558 
1,207 
1,663 
1,187 
1,190 
1,088 
1  520 

•c. 

1,322 
1,250 
1,341 
1,220 
1,250 
1,306 
1,356 
1,166 
1,249 
1,090 
1,593 
1,562 
1,179 
1,638 
1,167 
1,130 
1,088 
1,421 

•  a 

+68 

+61 
+53 
+31 
+66 
+51 
+45 
+26 
+78 
+10 
+88 
-  4 
+28 
+26 
+20 
+51 
0 
+96 

•  C. 

1,217 

1,167 

1,241 

1,192 

1,562 

1,227 

1,234 

1,ZIB 

1,213 

1.123 

•c. 

1,217 
1,161 
1,241 
1,179 
1,558 
1,234 
1,231 
1,263 
1,190 

1.123 

•  r. 

0 

16 

+  6 

16 

0 

17 

+  13 

18 

+  4 

4 

m 

6 

+  3 

8 

+55 

9 

+14 

1 

0 

2 

1.430        1.417 

+13 

3 

1,457 
1,350 
1,590 
1,185 
1,220 
1068 
1,320 

1,396 
1,836 
1*580 
1,102 
1,220 
1,060 
1,316 

+61 

6 

+14 

7 

•■••■•••■ 

+10 

10 



-  7 

11 

0 

12 

+  8 

U 

+  10 

•••••«■ 

Average 

+  46 

+41 

+11 

•  Complete  experimental  data  and  details  of  fumacea  used  are  given  in  a  prerlous 
paper,  The  fusibility  of  coal  aab  In  variouB  atmospheres,  by  A.  C.  Fieldner  and  A.  E.  Hail, 
Jour.  Ind.  and  Bng.  Chem.,  vol.  7,  1915,  pp.  S09-406,  474-481. 
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INFLUENCE  OF  FINENESS  OF  ASH. 

Ash  ground  to  an  impalable  powder  tended  to  soften  at  a  slightly 
lower  temperature  than  100-mesh  ash,  as  is  shown  in  Table  4,  follow- 
ing. The  difference  averaged  3°  and  in  no  case  exceeded  40°  C. 
Ash  pulverized  to  at  least  200  mesh  could  be  molded  into  more  sub- 
stantial cones  than  100-mesh  material. 


Table  4. — Influence  of  fineness  of  ash  on  softening  temperature. 

[Tests  made  in  molybdennm  Itmaoe  No.  2;  A  by  1  inch  oone  placed  in  a  vertical  position;  rate  of  heating, 

i'  C.  per  mlnutej 


Aab  sample  No. 


9. 
42, 
48 
8. 
19. 
2.. 
64 
65, 
66. 


Softening  point. 


100-mesh. 


•  C. 
1.291 
1,248 
1,340 
1,380 
1,435 
1,510 
1,482 
1,108 
1,155 
1,174 


Impal- 
pable 
powder. 


•C. 
1,283 
1,304 
1,313 
1,890 
1,481 
1,510 
1,520 
1,101 
1,127 
1,173 


Difler- 


•C. 

+ 


8 
-56 
+27 
-10 
-45 
+  9 
-28 
+  7 
+28 
+  1 


Ash  sample  No. 


67. 
68. 
60. 
70. 
71. 
72. 
73. 


Average. 


Softening  point. 


100-mesh. 


1,223 
1,216 
1,251 
1,250 
1,327 
1,368 
1,380 


Impal- 
pable 
powder. 


•C. 
1,185 
1,206 
1,237 
1,263 
1,300 
1.350 
1,870 


DiiXta^ 
enoe. 


C. 

+38 
+11 
+14 
-  4 
+27 
+18 
+10 


+  8 


INFLUENCE  OF  INCLINATION   OF   CONES. 

Mounting  the  cones  with  a  considerable  inclination — 25^  or  45^ 
from  the  vertical — led  to  premature  deformation  points  in  some 
samples,  which  were  caused  by  a  further  bending  over  due  to  shrink- 
age of  the  cone  in  its  base,  rather  than  deformation  due  to  softening 
and  flowing  of  the  ash.  As  shown  in  Table  5,  following,  differences 
of  64®  and  65°  C.  were  obtained  with  two  samples.  Vertical  or  nearl}^ 
vertical  cones  were  free  from  this  source  of  error  and  gave  the  most 
concordant  results. 


Table  5. — Influence  of  inclination  of  cones  on  softening  temperature. 

[Tests  made  in  molybdenmn  furnace  No.  2;  sixe  of  oones,  A  ^7  ^  ii><^h:  as^  groand  to  an  Impalpable  pow- 
der; rate  of  heating  2*  C.  per  mmate.] 


Ash  sample  No. 


39. 
42. 
».. 
33. 
8.. 
19. 
2.. 


Average. 


Softening  point. 


Cone 
Inclined 
45*  from 
vertical. 


•C. 

1,287 

1,295 

1,248 

1,396 

1,414 

1,494 

1,520 


Cone 
inclined 
26*  from 
vertical. 


•C. 

1,283 

1,313 

1,304 

1,390 

1,481 

1,510 

1,520 


Cone 
vertical. 


•<7. 
1,283 
1,304 
1,313 
1,390 
1,478 
1,502 
1,520 


Difference. 


45*  and 
vertical. 


•C. 
+  4 

-  9 
-65 
+  6 
-64 

-  8 
0 

-19 


25*  and 
vertical. 


C. 


0 
+9 
-9 

0 

+3 

+8 

0 

+2 
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INFLUENCE  OF  BATE  OF  UEATINQ. 

As  stated  previously,  the  rat«  of  heating  has  an  important  bearing 
on  the  softening  points  of  silicate  mixtures  made  in  the  form  of  Seger 
cones.      The    fusion   reac- 
tions of  such  mixtures  re-  n      ^ 
quire    some    time    to    ap-  ^ 
proach  a  state  of  equilib-  ° 
rinm.    As  it  was  considered  S 
probable  that  these  reaction  | 
velocities  in  oxidizing  at-  g 
mospheres  would  differ  m 
from  those  in  reducing  at-  g 
mospheres,  tests  were  made  g,      | 
at  rates  of  heating  of  10°,  « 
5°,  and  2"  C.  per  minute  o 
in  an  oxidizing  atmosphere  |2       « 
of  air  in  the  platinum  fur-  | 
nace,  and  in  a  reducing  at-  o 
mosphere  of  hydrogen  in  S  a;  °  j; 
tlie  molybdenum    furnace.  a  C  " 
The  softening  points  ob-  3  ^  e 
tained  are  given  in  figures  "  ^  e  1 
9  and    10,     These   results  jSe  I  I 
show  that  varying  the  rate  <  -  ■ 
of  heating  from  2°  to  10°  3  % 
C.  per  minute  causes  much  I  - 
less  increase   of  softening  ^      ■=  S 
temperature    in    oxidizing  -  " 
atmospheres  than  in  reduc-  f 
ing  atmospberes  of  hydro-  r*.       ^ 
gen.     This  would  be  ex-  2 
pected  because  of  the  fact  | 
that  the  melting  reactions  »       m 
in   hydrogen    are    further  ■£ 
complicated    by     reducing  m 
reacticns,  all  of  which  are  S       f 
related  to  the  time  factor.  g 

It  is,  of  course,  desirable  ^ 

to  economize  time  by  heat-  ©         o           o          o             "       ■ 

ing  the  test  specimen  as  rap-  K         §           9          m                     " 

idly  as  is  feasible.    A  safe  "      "o.'^iNiOcl  0NIN31J0S                    ^ 
maximum   rate  of  heating 

in  oxidizing  atmospheres  seems  to  be  10°  C.  per  minute.  However, 
in  reducing  atmospheres  of  hydrogen,  several  samples  when  sub- 
jected to  a  temperature  rise  of  even  5°  C.  per  minute  gave  results 
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that  were  50°  C.  higher  than  when  subjected  to  a  rise  of  2°  C.  per 
minute.  Further  tests  were  therefore  made  in  hydrogen,  a  combined 
5°  and  2°  rate  being  used.  The  furnace  temperature  was  increased 
at  the  rate  of  5°  C.  per  minute  until  deformation  began ;  the  rate 
was  then  reduced  to  2°  C.  per  minute  until  the  cone  was  down.  As 
shown  by  Table  6,  the  results  approximated  those  obtained  with  the 
usual  rate  of  2°  C. 

Table  6. — Results  of  tests  shotoing  comparative  softening  temperatures  in 
molybdewum  furnace  No,  2  at  ttoo  different  rates  of  heating. 


[Ash  ground  to  an  impalpable  powder;  oone,  A  by  1  inch,  placed  in  a  vertical  poBttian.] 


Ash  sample  No. 

Softening  point. 

Difference. 

Tempera- 
ture rise 
of2''C.per 
minute.o 

Tempera- 
ture rise 
of  6*  and 
2*  C.  per 
minate.b 

58 

1,199 
1,220 
1,620 
1,380 
1,390 
1,448 
1,366 

1,220 
1,217 
1,614 
1,370 
1,394 
1,478 
1,370 

-21 
+  3 
+  6 
+10 

-  4 
-30 

-  6 

60 

49 

66 

28 

62 

61 

Average 

-  6 

•  Furnace  temperature  was  increased  at  the  rate  of  2^  C.  per  minute  until  oone  was  down. 
b  Furnace  temperature  was  increased  at  the  rate  of  6*  C.  per  minute  until  defonnatioa  began;  the  nta 
than  reduced  to  2**  C.  per  minute  until  the  cone  was  down. 


INFLUENCE  OF  DEXTRIN  BINDER. 


The  results  of  a  few  experiments  made  to  show  the  effect  of  not 
burning  out  the  dextrin  binder  before  placing  the  ash  cone  in  the 
molybdenum  furnace  are  given  in  Table  7  following.  The  maximum 
apparent  effect  was  a  lowering  of  11°  C.  in  the  softening  point.  Mix- 
ing 10  per  cent  of  dry  dextrin  with  the  ash  caused  a  reduction  of  only 
14°  C.  However,  the  conclusion  that  dextrin  causes  no  material  ef- 
fect would  apply  only  under  the  conditions  of  determining  the  soft- 
ening point  in  hydrogen  and  water-vapor  mixtures  as  was  done  in 
the  experiments  mentioned. 
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Table  7. — Retults  of  experiments  to  determine  influence  of  dextrin  hinder  on 

softening  temperature  of  ash  cones, 

[T«st  made  in  molybdennm  ftmaoe  No.  2;  oones  A  hi-  'by  1  inch,  inclined  35*  from  vertical;  lOO-mesb 

ash;  rate  of  increase  of  neating  2**  C.  per  minute.] 


Ash  sample  No. 

Softening  point. 

Difference. 

Dextrin 

hinder  not 

ignited. 

Dextrin 
binder 
ignited. 

2 

1,492 
1,435 
1,200 
1,430 

•c. 

1,502 
1,434 
1,271 
1,434 

•c. 

-10 
+  1 
-U 
-  4 

8 

12 

8 

Average 

—  6 

1 

Influence  of  Different  Conditions  on  Softening  Point  of  Ash  Sample  8. 

CanditioDs.  Boftening  pdnt,  "C. 

Cone  made  in  usual  manner,  then  ignited  in  air  at  850**  C 1,434 

1  per  cent  dry  dextrin  mixed  with  the  ash ;  dextrin  not  ignited—    1,427 
10  per    cent    dry  dextrin    mixed    with    the    ash;  dextrin    not 
Ignited 1,420 


INFLUENCE    OF    VARIOUS    ATMOSPHERES. 

None  of  the  various  factors  affecting  softening  temperatures  that 
have  thus  far  been  discussed  seems  capable  of  causing  the  exceedingly 
large  differences  in  softening  temperature  that  have  been  reported 
from  different  laboratories  with  the  same  samples  of  ash.  For  in- 
stance, Marks  ^  has  called  attention  to  differences  as  great  as  390"^  C. 
that  were  obtained  with  the  same  sample  of  ash  by  two  different  com- 
mercial laboratories.  He  himself  obtained  differences  of  200^  C. 
with  some  duplicate  samples  that  were  tested  in  a  Meker  muffle 
furnace  and  a  Hoskins  graphite  electric  furnace.  As  stated  by 
Marks,  these  large  differences  were  undoubtedly  due  to  the  oxidizing 
or  reducing  action  of  the  respective  furnace  atmospheres.  It  was 
realized  at  the  outset  of  the  investigation  described  in  this  report 
that  the  reaction  of  the  furnace  gases  with  the  iron  constituent  of 
the  ash  would  largely  determine  the  softening  temperature.  There- 
fore, comparative  tests  were  made  in  the  six  different  furnaces  pre- 
viously d^cribed  in  order  to  show  the  effect  of  various  oxidizing  and 
reducing  atmospheres. 

The  first  series  of  oxidizing-atmosphere  tests  was  made  in  at  at- 
mosphere of  air  in  a  platinum  resistance  furnace  (fig.  2,  p.  22),  in 
which  there  could  be  no  trace  of  reducing  gases.  The  second  series  of 
tests  was  made  in  a  gas-heated  Meker  muffle  furnace  (fig.  3,  p.  22),  and 

•Marks,  L.  8.,  The  cliskerlng  of  coal:  Jour.  Am.  Soc.  Mech.  Eng.,  vol.  87,  1915, 
pp.  206-^214. 
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the  third  series  in  &  fire-clay  gas  muMe-fui-oace.    As  sboWD  in  figure 
11,  the  platinum-fumace  results  were  higher  than  those  obtained  in 
the  gas  furnaces.     There  was  evidence  of  reduction  by  products  of  in- 
complete combustion  from  the  fuel  gases  surrounding  the  mufflfs. 
The  reduction  was  seemingly  greater  in  the  muffle  furnace  than  in  the 
gas  furnaces.   There  was  evidence  of  reduction  by  products  of  incom- 
plete combostion  from  the 
10     &       fuel  gases  surrounding  the 
B       muffles.    The  reduction  nas 
€       seemingly    greater    in    the 
"      S       muffle  furnace  than  in  the 
u       Meker  furnace,  probably  be- 
„     I       cause  the  muffle  funiaee  cod- 
'*      ^        tained  a  rather  porous  fire- 
S       clay  muffle,  whereas  the  Me- 
M     E       ker    furnace    contained    a 
^  t    special  refractory  muffle  of 
I  S    dense  texture. 
2      SZ        From  these  results  it  is 
S  S  g      evident  that  softening-tetn- 
£  S  !9     peratura  tests  made  in  gas 
^  z  J  Q    furnaces  must  be  made  with 
^  §  «    the  furnace  operated  under 
3  I "     definite  oxidizing  or  reduc- 
"      2  z     ing  conditions  if  duplicate 
s  I    results  are  to  be  obtained. 
^1  In  the  tests  made  in  the 

g       gas  furnaces  there  was  evi- 
I       dence  of  some  reduction  of 
,      „       ferric   iron   to  the  ferrous 
I        fonn,    but   not   to   metallic 
■§        iron.    To  show  the  effect  of 
-       g        strongly     reducing     atmos- 
o        pheres  such  as  would  cause 
T       the    formation   of   metaUic 
2      ^        iron,  tests  were  made  in  x 
g       granular-carbon     resistance 
'3>lNI0d~9NtN3Jj0S  b        fumace  (fig.  5,  p.  24)  and  a 

Northrup  graphite  furnace 
(fig.  6,  p.  25),  both  having  atmosphere.^  of  carbon  monoxide  (CO), 
and  in  a  molybdenum  resistance  fumace  (6g.  4,  p.  23)  having 
an  atmosphere  of  hydrogen.  The  results  obtained  in  the  cnr1>on,  the 
Kortbrup,  and  the  platinum  furnaces  are  given  in  figure  12.  As 
would  be  expected,  the  strongly  reducing  atmosphere  of  carbon  mo- 
noxide completely  changes  the  softening  characteristics  of  the  ash, 
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SO  that  results  widely  different  from  those  found  in  the  platinum 
furnace  in  air  were  obtained. 

As  both  the  Northrup  and  the  granular-carbon  resistance  furnace 
produced  atmospheres  of  carbon  monoxide,  similar  softening  tempera- 
tures were  expected  in  the  two  series;  that  such  did  not  prove  to  be 
the  result  is  shown  in  figure  12.  In  16  of  18  samples  tested,  the  soft- 
ening points  in  the  Northrup  furnace  were  higher  than  in  the  carbon 
furnace;  the  maximum  was  396**  C.  and  the  average  difference  for 
the  series  was  134**  C.  The  checks  made  on  materials  of  known  melt- 
ing points,  at  various  times  during  the  course  of  these  experiments, 
eflfectually  rule  out  the  possibility  of  attributing  these  large  differ- 
ences of  temperature  measurement.  The  only  explanation  offered  by 
the  authors  is  that  in  the  carbon  furnace  the  reduction  of  ferric  oxide 
to  metallic  iron  did  not  proceed  as  rapidly  or  as  completely  as  in  the 
Northrup  furnace ;  in  the  latter  the  ash  cone  is  heated  in  a  closed  tube 
of  graphite,  practically  all  air  being  excluded,  so  that  only  nitrogen, 
carbon  monoxide  (CO),  and  a  fractional  percentage  of  carbon  dioxide 
(CO2)  surrounds  the  ash  at  temperatures  above  1,100°  C.  Such  an 
atmosphere  would  reduce  the  ferric  oxide  to  metallic  iron  and  thus 
prevent  the  formation  of  a  low-melting  ferrous  silicate  eutectic.  On 
the  other  hand,  the  carbon  furnace  had  an  alundum  tube  between  the 
earbon  resistor  and  the  cone,  and  it  also  permitted  air  to  leak  into  the 
heating  space  as  shown  by  the  appearance  of  carbon  monoxide  flames 
at  the  peephole  and  around  the  cover  plate.  SuflScient  carbon  dioxide 
may  therefore  have  been  present  to  retard  the  reduction  to  metallic 
iron,  thus  leaving  enough  of  the  strongly  fluxing  ferrous  oxide  in  the 
ash  to  form  a  low-melting  fluid  eutectic  which  caused  the  cone  to  col- 
lapse at  a  comparatively  low  temperature.  Examination  of  polished 
sections  of  fused  cones  from  both  furnaces  disclosed  more  metallic 
iron  in  those  from  the  Northrup  furnace. 

Figure  13  shows  the  results  obtained  in  the  series  of  tests  in  the 
hydrogen  atmosphere  of  the  molybdenum  furnace  as  compared  with 
the  results  of  the  tests  in  the  platinum  and  the  Northrup  furnaces. 
It  is  quite  evident  that  the  softening  temperature  in  hydrogen  is  dif- 
ferent from  that  in  air  or  carbon  monoxide. 

The  softening  temperatures  obtained  in  the  six  different  furnaces 
are  given  in  Table  8  following.  The  maximum  differences  range 
from  134**  to  396°  C.  As  regards  14  samples  that  softened  below 
1,500°  C.  in  the  platinum  furnace  in  air,  9  gave  their  highest  results 
in  the  strongly  reducing  carbon  monoxide  atmosphere  of  the  Northrup 
furnace  (see  fig.  12) ;  and  5  gave  their  highest  results  in  the  oxidiz- 
ing atmosphere  of  the  platinum  furnace.  The  lowest  softening  points 
in  18  samples  were  distributed  amojig  the  different  furnaces  as  fol- 
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lows :    Carbon  furnace,  6 ;  Meker  furnace,  5 ;  molybdenum  furnace,  4; 
muffle  furnace,  2 ;  Northrup  furnace,  1. 

Tablb  8. — Results  of  tests  to  deterfn4lhe  influence  of  various  atmospheres  on 
softening  temperatures  of  ash  cones  in  different  fumaoea. 


[Rate  Of  beating,  2 

t*  C.  per  minute.1 

Softening  point. 

Ash  sample 
No. 

Norfhmp 
fumaoe.atn 
atmosphere 
olCO+N. 

Carbon  fur- 
nace,&  in  at- 
mosphere of 
CO+COH-N. 

Molybde- 

numfor- 

naoe,b  in 

atmosphere 

ofH. 

Muffle  ftu^ 

naoe,»in 

atmosphere 

ofair+ 

oombustion 

gases. 

Meker  fur- 

nace,bln 

atmosphere 

of  air+oom* 

bustion 

gaws. 

Platinnm 
fbmaoe,ain 
atmosphere  of 
air. 

Mazimiim 
dlfieranoe. 

1..  . 

1,131 
1,645 
1,502 
1,360 
1,645 
1,455 
1,645 
1,562 
1440 
1,385 
1,185 
1,080 
1,520 
1,551 
1,427 
1,470 
1,390 
1,455 

1,090 
1,593 
1,562 
1,306 
1,356 
1,179 
1,638 
1,166 
1,249 
1,167 
1,139 
1,088 
1,322 
1,424 
1,250 
1,341 
1,220 
1,250 

•c. 

1,360 
1,511 
1,427 
1,355 
1,455 
1,414 
1,502 
1,474 
1,822 
1,331 
1,322 
1,295 
1,340 
1,375 
1,288 
1,370 
1,271 
1,287 

*C. 
1,192 

•c. 

•a 

1,365 

Above  1,500 

Above  1,500 

1,400 

1,490 

1  458 

Above  l|500 

l',425 
1,310 
1,400 

•c. 

275 

2-.    . 

131 

3... 

135 

4 

1,226 
1,320 
1,318 

1,305 
1,376 

174 

5 

325 

6 

279 

7 

143 

8 

9 

1,251 
1,284 
1,199 
1,214 
1,182 

1,343 
1,318 

396 
191 

10 

218 

u 

261 

12 

1,335 

255 

13 

1,273 
1,417 
1,186 
1,212 
1,182 
1,204 

1,500 
Above  1,500 
1,407 
1,322 
1,343 
1  400 

247 

14 

176 

15 

241 

16 

258 

17 

208 

18 

251 

a  Ash  ground  to  an  impalpable  powder;  oones  A  1>7 1  inch,  placed  in  vertical  position. 
h  Ash  100  mesh;  cones  t  inch  by  1^  inches,  inclined  35"  from  vertical. 

There  seeftis  to  be  no  consistent  relation  between  the  results  ob- 
tained in  the  different  furnace  atmospheres.  Some  ashes  have  a 
higher  softening  point  in  an  oxidizing  atmosphere ;  others  in  a  reduc- 
ing atmosphere  of  carbon  monoxide.  The  only  general  conclusion 
that  can  be  made  regarding  the  effect  of  the  Atmosphere  is  that  a 
given  ash  will  have  its  highest  temperature  of  softening  in  either  an 
atmosphere  of  air,  free  from  all  traces  of  reducing  gases,  or  in  a 
strongly  reducing  atmosphere  in  which  the  concentration  of  reducing 
gases  is  so  great  that  the  iron  constituents  of  the  ash  are  largely 
reduced  to  the  metallic  form.  Between  these  two  extremes  of  oxida- 
tion and  reduction,  there  seems  to  be  a  condition  of  slight  reduction 
by  mixed  gases  such  as  was  found  in  ^he  muffle  furnaces,  in  which 
reduction  of  ferric  oxide  proceeded  until  the  oxide  was  largely  in 
the  ferrous  state.  On  account  of  its  strongly  fluxing  action  ferrous 
oxide  greatly  lowers  the  temperature  of  slag  formation. 

APPEARANCE  OF  CONES  SOFTENED  IN  VARIOUS  ATMOSPHERES. 
PLATINUM   FUKNACE,   ATM06PHEBE   OF  AIB. 

In  Plate  I,  A^  are  shown  the  various  shapes  into  which  cones  of 
different  ashes  deform  when  heated  in  air  in  the  platinum  furnace. 
The  manner  of  deformation  is  somewhat  characteristic  for  each  indi- 
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A.    TYPICAL  FORMS  OF  CONES  FUSED  IN  AIR  IN  THE  PLATINUM  FURNACE. 


B.     TYPICAL  FORMS  OF  CONES  FUSED  IN  HYDROGEN  IN  THE  MOLYBDENUM  FURNACE. 


C    TYPICAL  FORMS  OF  CONES  FUSED  IN  CARBON  MONOXIDE  IN  THE  NORTHRUP  FURNACE. 
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vidual  ash.  No.  59  illustrates  the  typical  form  of  bending  of  Seger 
cones;  No.  26  illustrates  the  type  that  fuses  to  a  lump;  No.  29  is 
representative  of  the  intumescing  type;  No.  7  is  an  ash  which  did 
not  soften  at  1,500°.  The  color  of  the  fused  cones  varied  from  a  buff, 
or  reddish  brown,  to  a  glossy  black.    The  black  cones  were  magnetic. 

MOLYBDENUM   FURNACE,   ATMOSPHEBB  OF   HYDROGEN. 

Plate  I,  5,  illustrates  typical  forms  from  the  molybdenum  furnace 
(hydrogen  atmosphere).  Owing  to  the  reducing  atmosphere,  these 
cones  almost  always  developed  a  pronounced  vesicular  structure.  The 
swelling  due  to  the  evolution  of  gas  in  some  cones,  as  in  ash  No.  3, 
prevented  the  cones  from  bending  in  the  normal  manner.  This  is  one 
of  the  reasons  for  the  somewhat  larger  variations  between  duplicate 
determinations  in  reducing  atmospheres.  The  fused  cones  were  usu- 
ally light  to  dark  gray  or  grayish  black;  they  had  a  vitreous  luster 
and  invariably  showed  iron  globules  when  examined  under  the  micro- 
scope. 

NOBTHRUP  FURNACE,  ATMOSPHERE  OF   CARBON    MONOXIDE  AND   NITROGEN. 

The  cones  fused  in  the  Northrup  furnace  (PL  I,  C)  (CO  atmosphere) 
varied  from  a  dark-gray  to  a  brownish-black  or  metallic-black  color. 
The  surface  lacked  the  vitreous  luster  of  the  cones  fused  in  air  or  hy- 
drogen. Carbon  was  deposited  on  the  cones  and  the  bases  under  the 
cones  in  increasing  quantity  as  the  temperature  exceeded  1,400°  C, 
as  shown  by  the  blackened  base  of  ash  No.  8  (PI.  I,  6'),  which  was 
heated  to  1,550°  C. 

Another  peculiarity  in  the  cones  tested  in  the  Northrup  furnace 
was  the  softening  and  swelling  of  the  thick  bottom  parts  of  some  of 
the  cones  before  the  apexes  began  to  soften.  Ash  No.  4  began  swell- 
ing at  the  base  at  1,200°  C. ;  heating  was  continued  at  a  temperature 
increase  of  2°  C.  per  minute  until  a  temperature  of  1,375°  C.  was 
reached,  when  the  current  was  interrupted  and  the  furnace  allowed  to 
cool.  As  shown  in  Plate  I,  C\  fusible  constituents  appeared  to 
separate  and  run  down  the  sides  of  each  cone,  leaving  a  refractory 
skeleton  standing.  How^ever,  when  the  cone  was  broken,  the  irregular 
contour  appeared  to  be  due  to  the  evolution  and  expansion  of  gases 
in  the  interior  of  the  softening  slag.  The  expanded  bottom  was  a 
thin-shelled  bubble  of  slag. 

l&e  first  perceptible  swelling  of  the  lower  part  of  ash  No.  8  took 
place  at  392°  C.  below  the  temperature  at  which  it  finally  bent  over 
in  the  position  shown  in  Plate  I,  C, 

The  earlier  fusion  of  the  thick  part  of  the  cone  may  be  due  to  the 
inability  of  the  carbon  monoxide  to  penetrate  and  reduce  to  metallic 
iron  the  iron  oxide  in  the  interior  as  rapidly  as  in  the  thin  upper 
part.  This  phenomenon  of  irregular  softening  was  noted  only  in  the 
Northrup  and  the  carbon-resistance  furnaces. 


44  FUSIBILITY  OF  GOAL  ASH. 

STAITDASD  METHODS  FOB  DETESHUnirO  SOFTEHDrG  TEMPEEA- 

TXIBEOFASH. 

A  standard  method  for  determining  the  softening  temperature  of 
ash  may  now  be  considered.  Obviously,  the  statement  that  an  a^  has 
a  "  fusing  "  or  softening  temperature  of  1,500°  C.  means  nothing  un- 
less the  exact  conditions  of  making  the  test  are  defined.  The  method 
must  therefore  be  carefully  standardized  in  all  its  details  before 
directly  comparable  results  may  be  obtained  by  different  workers. 

The  most  important  consideration  is  the  atmosphere  in  which 
the  test  shall  be  made.  In  order  to  obtain  results  that  can  be  dupli- 
cated in  different  laboratories,  the  softening  temperature  in  air,  as 
was  determined  in  the  platinum  furnace,  is  undoubtedly  the  most 
satisfactory  method,  but,  unfortunately,  ash  forming  in  a  fuel  bed  is 
not  free  from  the  effect  of  reducing  gases.  Consequently,  clinkering 
may  take  place  under  conditions  of  partial  reduction  similar  to  those 
that  prevailed  when  the  low  softening  points  were  obtained  in  the 
experiments  described.  Therefore  the  danger  point  as  regards 
clinker  formation  is  the  lowest  possible  softening  temperature  of  an 
ash  under  such  conditions  of  reduction  as  are  probable  in  a  fuel 
bed. 

The  problem  resolves  itself  into  an  investigation  of  the  effects  of 
various  mixtures  of  a  reducing  gas  and  its  product  of  oxidation  on 
the  softening  temperature  with  a  view  to  finding  that  mixture  which 
will  give  the  lowest  softening  temperature.  The  two  principal  reduc- 
ing gases  to  be  considered  are  hydrogen  and  carbon  monoxide,  the 
respective  oxidation  products  being  water  and  carbon  dioxide. 

FUSIBILITY  OF  COAL  ASH  IN  MIZTTTBES  OF  HTDBOOEir  ASS 

WATEB  VAPOB. 

THEOBETIGAL  CONSIDEBATIONS. 

The  equilibrium  between  hydrogen,  water  vapor,  Fe,  and  Fefi^ 
according  to  the  reaction, 

3Fe+4H,0  ?=>  Fe.0«+4H,  U ) 

was  first  studied  by  Deville**  at  various  temperatures  between  200* 
and  1,000°  C,  and  later  with  greater  precision  by  Premier  *  at  tiiree 
temperatures.  Preuner  found  the  following  mean  values  for  the 
equilibrium  constant: 

•Devine,  H.  Salnte-Olalre,  Action  de  I'ean  stir  le  fer  et  le  hydrogfene  sur  Toxyde  de 
fer:  Compt,  rend.,  t.  70,  1870,  pp.  1105-1111  and  1201-1205. 

^Preuner,  G.,  Das  Gleichgewlcht  zwischen  Eisen,  Blsenozydaloxyd,  Wasaentoff,  und 
Wasserdampf :  Ztschr.  phys.  Chem.|  Bd.  47,  1904,  pp.  885-417. 
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EquUa^rium  data  of  Preuner. 

Temperature  of 
'  wild  phase,   "*€.  PHfO. 

900 0.  69 

1025-1050 , .  78 

1150 .  86 

Chaudron «  has  since  reported  two  series  of  equilibria  of  iron  and 
its  oxides  in  hydrogen  and  water  vapor  corresponding  to  the  follow- 
ing reactions : 

Fe+HjO  ?±  FeO+Ha  W 

SFeO+HjO  <=±  FejO^+Ha  (S) 

His  values  for  the  equilibrium  constants  are  as  follows : 

Equilihrium  data  of  CJiaudron. 


Beactlfln2. 

Reactioa8. 

Temperature 
oTsoUd 
pihase. 

Temperature 
ofsoUd 
phase. 

pH,0 
PH. 

•c. 

860 
440 
500 

550 
600 
630 
660 
760 
875 

a  12 

.18 
.23 
.32 
.31 
.36 
.80 
.55 
.74 

•c 

440 
480 
500 
615 
700 
710 
800 
860 

a24 

.32 
.33 
.54 
1.00 
1.00 
1.35 
2.00 

No  similar  data  are  available  on  the  behavior  of  ferric  oxide 
(Fe,0,) ;  hence  these  data  for  magnetite  include  the  only  available 
information  as  to  the  probable  or  possible  phases  in  which  the  iron 
oxide  of  coal  ash  may  exist  in  various  mixtures  of  hydrogen  and 
water  vapor  at  the  sintering  temperature  of  ash.^ 

In  figure  14  are  plotted  the  equilibrium  data  of  Preuner  and  of 
Chaudron.  Assuming  that  FejOj  reacts  as  regards  reduction  in  a 
similar  manner  as  does  FegO^,  it  is  evident  that  at  temperatures  up 
to  1,150**  C.  no  reduction  to  metallic  iron  can  take  place  in  a  mixture 
of  equal  parts  by  volume  of  hydrogen  and  water  vapor.  At  a  tem- 
perature of  850**  C,  according  to  Chaudron's  figures,  FeO  would  be 
the  stable  solid  phase  in  mixtures  containing  not  less  than  43  or  more 
than  63  per  cent  of  water  vapor,  it  being  assumed  that  a  gas  mixture 
of  constant  composition  is  passed  over  the  heated  oxide  continuously, 
sweeping  the  gaseous  products  of  the  reaction  out  of  the  apparatus. 

'  Cbaadron,  G^  Btectlona  r^TersiUes  de  I'ean  sar  le  fer  et  sur  I'oxyde  ferreoz :  Compt 
>«nd.,  t  159,  1914,  pp.  287-289. 

^Recent  InvestlsatUiiis  by  Sounan  and  his  coworkers  at  the  geophysical  laboratory 
J*«  sbowB  that  the  equilibrinm  relationships  of  the  Iron  oxides  are  further  complicated 
oy  MHd  lolntlon.  In  the  system  FesCVFesOi  there  Is  a  continuons  solid  solution  series 
fr<«ii  Pe«0»  to  Fe.04. 
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It  Eeems  possible,  therefore,  that  a  minimum  softening  temperature 
of  coal  ash  may  be  found  in  a  mixture  approximating  equal  part^by 
volume  of  hydrogen  and  water  vapor,  provided  the  heating  is  suffi- 
ciently slow  to  allow  the  reaction  to  approach  equilibrium  at  the 
various  temperatures. 


;e: 


j^ 


^€i 


1^0   « 

Hi     IM  ft 

FlODRB  14.— EqulllbrluD 

OUTLINE  OF  EXPEBIUENTS. 

DESCRIPTION  OF  FUBNACB. 

The  arrangement  of  the  furnace  and  of  the  saturator  used  in  the 
authors'  tests  is  shown  in  Plate  II,  and  figures  15  and  16.    A  Heraus 


FioDBB  15. — Vertical  longitadlDil  lectlon  through  sUtira-tiibe  fnrnac*- 

platiitum-foil  resistance  furnace  which  happened  to  be  available  was 
eijuipped  with  an  extra  heater  of  yf^-inch  platinum  wire,  a  (Bg.  15), 


ARRANGEMENT  Of  SILICA.TUBE  FURNACE  *N0  ACCESSORIES. 
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wound  on  the  inside  of  the  alundum  tube  6,  and  connected  in  series 
with  the  platinum- foil "  heating  unit  of  the  Herseus  furnace. 

This  alundum  heater  tube  was  supported  on  two  alundum  rings, 
leaving  a  ^-inch  air  space  between  the  heater  tube  and  the  Herseus 


X'lGURB  16. — Front  eleyatlon  of  silica-tube  furnace  and  yertical  section  through  saturator. 

porcelain  tube.  Two  additional  alundum  tubes,  c  and  d^  were  placed 
similarly,  one  at  each  end  of  the  platinum-wound  tube.  Through  the 
furnace,  modified  in  this  way,  was  passed  a  tube  6,  of  fused  silica, 
glazed  on  both  sides,  five-eighths  inch  in  inside  diameter  and  17 
inches  long. 


«  A  nichrome  heating  element  could  as  well  be  used  for  the  outer  heating  unit. 
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The  gas  mixture  entered  the  silica  tube  through  the  brass  end 
piece  /,  which  was  specially  designed  to  make  a  gas-tight  connection 
by  means  of  the  brass  bushing  g  and  the  asbestos  packing  A^  A  re- 
movable glass  window,  i^  permitted  removal  and  insertion  of  cones 
in  the  furnace,  and  observation  of  deformation  and  of  temperature 
with  the  optical  pyrometer.  The  glass  was  held  in  place  between 
asbestos  washers  by  a  threaded  brass  ring. 

An  air  bath  was  placed  around  the  end  piece  /  to  maintain  its  tem- 
perature above  100^  C,  and  thus  avoid  any  condensation  of  water 
vapor ;  the  exit  end  g  was  made  sufficiently  short  so  that  its  tempera- 
ture should  be  above  100^  C.  The  gas  mixture  passed  out  through 
the  glass  capillary  tube  inserted  in  the  rubber  stopper  at  j. 

Alundum  stops,  A;,  Z,  and  m,  were  placed  at  intervals  back  of  the 
middle  of  the  inner  heater  to  provide  a  suitable  background  for  tak- 
ing readings  with  the  optical  pyrometer.  These  stops  were  made  of 
thin-walled  alundum  tubes  closed  at  one  end,  fitting  snugly  in  the 
silica  tube.  To  avoid  rapid  devitrification  of  the  fused-silica  tube, 
temperatures  were  not  carried  above  1,400°  C. 

DESCRIPTION   OF  "  SATURATOR." 

The  apparatus  by  which  various  mixtures  of  hydrogen  and  water 
vapor  were  formed  depended  on  the  saturation  of  pure  hydrogen  gas 
with  water  vapor  at  temperatures  ranging  from  zero  to  within  a 
degree  or  two  of  the  boiling  point.  It  is  shown  in  figure  16  with 
furnace  connections  as  used,  except  the  hot-air  bath  surrounding  the 
brass  end  piece  a^  and  the  side  tube  h. 

The  saturator  consists  of  a  glass  tube  ^,  If  inches  in  diameter  and 
9  inches  long,  closed  at  the  ends  with  rubber  stoppers.  Through 
the  upper  stopper  d  passes  the  thermometer  ^,  the  outlet  tube  /  com- 
municating with  the  furnace  through  the  brass  tube  &,  and  a  compact 
adjustable  vapor-pressure  thermoregulator  g^  with  electrical  con- 
nections controlling  through  a  relay  the  current  in  the  heating  coil  A. 
The  thermoregulator  is  essentially  that  described  by  Feild,*  with- 
out the  refinement  of  being  independent  of  atmospheric  pressure. 
It  consists  of  a  bent-glass  tube,  in  the  short  arm  of  which  is  a  smaU 
volume  of  liquid  i — ether,  alcohol,  or  water,  depending  on  the  tem- 
perature desired — cresting  on  a  mercury  column.  Above  the  liquid  i, 
is  a  small  volume  of  its  saturated  vapor  ^',  the  pressure  of  which  de- 
pends only  on  the  temperature  and  determines  the  height  of  tlie 
mercury  column.  This  mercury  column  makes  and  breaks  contact 
with  the  platinum  wire  k.  The  temperature  control,  with  a  con- 
tinuous stream  of  hydrogen  bubbling  around  the  glass  beads  K  and 

•Feild,  A  Ll,  An  electrical-contact  yapor-preBsnre  thermorepilator :  Jour.  Am.  Chem. 
8oc.,  Tol.  86,  1914.  pp.  72-76. 
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through  the  water  c  was  within  0.1^  to  0.2^  C,  which  was  sufficiently 
accurate  for  the  purpose  of  the  experiments.  Hydrogen  stored  in 
a  high-pre^ure  cylinder  was  introduced  at  2,  and  its  flow  so  adjusted 
as  to  give  the  desired  current  of  hydrogen  and  water  vapor  through 
the  f ttsed-silica  furnace  tube.  The  water  vapor  present  in  the  mix- 
ture of  hydrogen  and  water  vapor  was  prevented  from  condensing 
to  liquid  water  on  its  passage  to  the  furnace  by  two  heating  coils 
m  and  n^  constructed  of  nichrome  wire  wound  on  alundum  cores  and 
heated,  similarly  to  the  immersed  coil  A,  by  a  current  from  a  low- 
Toltage  transformer  operating  at  about  11  volts.  An  air-bath  cham- 
ber of  asbestos  paper,  heated  by  a  small  electric  hot  plate,  was  placed 
around  the  brass  end  piece  a  and  the  side  tube  h. 

Analyses  were  made  of  the  mixtures  of  gas  and  water  vapor  issuing 
from  the  end  of  the  silica  tube.  With  the  saturator  adjusted  for  a 
mixture  containing  50  per  cent  of  each,  52  per  cent  hydrogen  and 
48  per  cent  water  vapor  were  found;  adjusting  for  an  atmosphere  of 
89  per  cent  water  vapor,  91  per  cent  was  found.  This  degree  of 
accuracy  was  considered  satisfactory. 

PREPABATION   OF  TEST  PIECE. 

The  ash  ground  to  200  mesh  was  molded  with  the  aid  of  dextrin 
solution  into  a  slender  triangular  pyramid  or  Seger  cone  and 
mounted,  with  one  side  vertical,  in  a  refractory  base,  according  to 
the  method  previously  described.  On  account  of  the  small  diameter 
of  the  fused-silica  tube,  it  was  possible  to  use  only  the  upper  half  of 
the  standard  three-sixteenth  by  1  inch  cone  adopted  in  the  former 
experiments.  Before  the  cone  was  placed  in  the  furnace  the  dextrin 
binder  was  burned  off  by  igAition  at  a  red  heat  in  a  muffle. 

MEASUREMENT  OF  TEMPERATURE. 

The  temperatures  were  read  with  a  Wanner  optical  pyrometer, 
which  was  sighted  on  the  thin  alundum  disk  just  back  of  the  cone. 
A  correction  for  absorption  by  the  glass  window  was  made. 

The  pyrometer  was  compared  daily  with  the  standard  amyl-acetate 
flame,  and  once  each  week  a  thin  piece  of  Kahlbaum's  pure  copper 
foil  was  substituted  for  the  ash  cone  and  its  melting  point  read  in 
an  atmosphere  of  hydrogen.  The  results  were  between  1,075®  and 
1,090<»  C.  (melting  point,  1,083°  C). 

BESXTIiTS  OF  EZFEBIHEKTS. 

Softening-temperature  determinations  were  made  with  five  differ- 
ent samples  of  coal  ash  (see  Tables  1  and  2,  pp.  26  and  27)  containing 
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7  to  69  per  cent  of  ferric  oxide  (FcgOa),  in  various  atmospheres 
ranging  from  pure  dry  hydrogen  to  pure  water  vapor.  The  temper- 
ature was  raised  at  the  rate  of  10°  to  15*^  C.  per  minute  to  approxi- 
mately 900**  C. ;  it  was  then  raised  5°  C.  per  minute  until  deforma- 
tion began,  and  2°  C.  per  minute  thereafter  until  the  cone  was  down. 
The  dry  hydrogen  was  obtained  by  bubbling  the  hydrogen  through 
a  wash  bottle  of  concentrated  sulphuric  acid.  The  100  per  cent 
water-vapor  atmosphere  was  obtained  by  cutting  oflf  the  hydrogen 
from  the  saturator  and  heating  the  water  to  boiling. 

All  the  results  obtained  are  given  in  Table  9  following,  in  which 
the  softening  temperature  is  given  as  a  temperature  interval,  the 
lower  figure  being  the  temperature  at  which  deformation  (rounding 
of  the  apex  or  bending  of  the  cone)  began,  and  the  higher  figure 
being  the  temperature  at  which  the  cone  bent  so  that  the  apex  touched 
the  base,  or,  failing  to  bend,  softened  to  a  lump.  This  latter  final 
deformation  point  is  meant  when  reference  is  made  to  the  "  fusion," 
"  softening,"  or  "deformation  "  point  of  an  ash. 


Table  9. — Results  of  experiments  to  determine  softening  temperatures  of  ash 

in  various  mixtures  of  hydrogen  and  water  vapor. 


Laboratory 
No 

15848 

165R6 

16844 

16243 

15845 

Percentage 
ofFesOi.. 

7.0 

n.8 

19.0 

85.9 

d9L7 

Percentage 

of  H{0  in 

atmosphere. 

Softening  temperature. 

0.0 

0.7 

1,322-1,360 

1,390-1,402 

Above  1,400 

1,304-1,370 
1,331-1,355 

"i,*2i8^i,'2tt' 
1,220-1,270 

Above  1,400 

6.7 

6.3 

1,279-1,290 

1,313-1,360 

Above  4,000 

Above  1,400 

7.6 

10.7 

a  1,340 
1,155-1,271 

12.4 

1,279-1,313 

15.8 

••••■•••>••••. 

l,30f-l,3a0 

18.1 

1,104-1,198 

19.9 

1,173-1,271 

29.6 

1,056-1,064 

"i*6i8^i,'6e2* 

1,072-1,078 

31.2 

41.7 

1,179-1,271 

1,227-1,251 

1,173-1,263 

1,227-1,322 

51.2 

67.5 

77.2 

1,220-1,292 

1,220-1,258 

1,173-1,255 

1,104-1,322 

al,0a5 
a  1,096 

83.2 

83.9 

90.3 

1,173-1,295 

1,241-1,249 
1,227-1,251 

1,227-1,268 
1,206-1,296 

1,206-1,350 

0  1,095 
1,048-1,060 
1,304-1,313 

94.8 

100.0 

1,850-1,370 

1,313-1,322 

Above  1,400 

Above  1,402 

a  Temperature  at  end  of  deformation  of  oone;  temperature  at  which  deformatioin  began  not  observed. 

The  final  deformation  points  are  plotted  in  figure  17,  in  which  the 
abscissas  represent  the  percentages  of  water  vapor  in  the  mixture, 
and  the  ordinates  the  temperatures  of  final  deformation.  The  initial 
deformation  points  are  plotted  in  a  similar  manner  in  figure  18. 
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It  will  be  noted  that  both  sets  of  curves  have  well-defined  minima 
when  the  water  vapor  formed  40  to  70  per  cent  of  the  atmosphere. 

The  final  deformation  points  (fig.  17),  which  were  more  accuately 
determined,  show  a  fairly  uniform  minimum  in  mixtures  ranging 
from  30  to  70  per  cent  water  vapor.  The  establishment  of  this  rela- 
tion enables  the  formulation  of  a  practical  method  of  determining 
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the  lowest  softening  temperature  of  an  ash  in  a  mixture  of  approxi- 
mately equal  parts  of  hydrogen  and  water  vapor.  Seemingly,  the 
gas  mixture  need  only  be  controlled  between  limits  of  30  and  70  per 
cent  water  vapor  to  insure  the  lowest  softening  temperature  of  the  ash, 
within  the  unavoidable  experimental  deviation  in  determininations 
of  this  character. 


52  PueiBiLnT  of  coal  ash. 

The  pronounced  eflfect  of  viscosity  on  the  rate  of  deformation  of 
the  ash  cones  is  shown  in  the  relative  positions  of  the  curves  of  initial 
deformation  in  figure  18  and  the  curves  of  final  defonnation  in  figure 
17.    Sample  16586  had  the  highest  initial-deformation  temperature 
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and  next  to  the  lowest  final-defonnation  temperature  in  an  atmos- 
phere containing  equal  parts  of  hydrogen  and  water  vapor.  This 
was  due  to  the  low  viscosity  of  the  melting  eutectic  formed  from  this 
ash,  which  contained  12,6  per  cent  of  calcium  oxide,  a  larger  per- 
centage of  this  basic  oxide  than  was  contained  in  any  of  the  other 
samples. 
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FUSIBIUTT  OF  COAL  ASH  USt  lOXTirBES  07  CABBOH  MONOXIDE 

ABS  CABBOH  BIOZIDE. 

The  mvestigations  of  Kreisinger,  Ovitz,  and  Augustine^  have 
b^hown  that,  with  ordinary  rates  of  combustion,  oxygen  is  not  found 
in  appreciable  quantities  in  a  fuel  bed  at  distances  greater  than  3  or 
4  inches  above  the  grate.  Samples  of  gas  taken  at  a  point  3  inches 
above  the  grate  contained  approximately  12  per  cent  combustible 
gas  (principally  CO)  and  14  per  cent  carbon  dioxide.  In  view  of 
this  predominating  proportion  of  CO  and  CO^  it  is  even  more  im- 
portant to  know  the  effect  of  mixtures  of  these  two  gases  on  the 
fusibility  of  coal  ash  than  to  know  the  effect  of  hydrogen  and  water 
vapor. 

THEORETICAL  CONSIDEKATIOKS. 

Baur  and  Glaessner  ^  found  the  following  two  series  of  equilibria 
in  the  system  CO,  CO,,  Fe,  FeO,  and  Fe,04 : 

Fe+COa  <=>  PeO+CO  (I) 

3FeO+CO,  ?=♦  ¥e^O^+QO       (2) 

Their  average  values  for  the  equilibrium  constants  are  as  foUows: 

Equilibrium  data  of  Baur  and  Olaeasner, 


RMCtionl. 

ReaotiaD2. 

Tmtperature 
of  BOM  phase. 

PCO 
PCOi 

Tempereturo 
of  solid  phase. 

PCO« 

653 
596 
051 
082 
680 
750 
850 
000 

1*16 
1.25 
1.38 
1.40 
1.44 
1.56 
2.12 
2.51 

•(7. 
450 
490 
560 
650 
850 
950 

a8i3 

a887 
a786 
a587 

a  351 

a299 

The  equilibrium  constants  shown  above  are  plotted  in  figure  19. 
Assuming  that  Fefi^  reacts  like  Fe804  as  regards  reduction,  it  is 
evident  that  at  temperatures  up  to  1,000°  C.  no  reduction  to  metallic 
iron  nor  oxidation  to  Fe,04  <^dl  take  place  in  a  mixture  of  equal 
parts  by  volume  of  CO  and  COj ;  and  unless  the  direction  of  the  two 
curves  changes  rather  suddenly,  FeO  should  continue  to  be  the  stable 
phase  at  higher  temperatures,  probably  throughout  the  usual  soften- 
ing range  of  coal  ashes.  Although  these  conditions  of  equilibrium 
do  not  necessarily  apply  in  the  presence  of  other  components  as  in  a 

•  Krelailnger*  Henry,  Ovltz,  F.  K.,  and  Augasttne,  C.  B.,  Combnition  In  the  tnel  bed 
of  hand-flred  fomaces :  Tech.  Paper  137,  Bureau  of  Mines,  1916,  p.  89. 

»Kreman,  B.  (translation  by  Potts,  H.  B.),  The  application  of  physico-chemical  theory 
to  technical  proceases  and  manufacturing  methods :  London,  1918,  pp.  117-119. 
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coal-ash  fusion,  they  at  least  point  out  the  possibility  of  a  minimum 
softening  point  due  to  ferrous  iron  in  mixtures  of  approximately 
equal  parts  by  volume  of  CO  and  CO2,  provided  this  mixture  is 
passed  over  the  heated  ash  continuously,  sweeping  the  gaseous  prod- 
ucts of  the  reaction  out  of  the  apparatus. 
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METHOD  OF  CONSITCTINa  EXFESIMENTS. 
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Softening-temperature  determinations  were  made  in  various  mix- 
tures of  CO  and  COj  with  ash  from  the  same  samples  that  were  used 
in  the  series  in  which  atmospheres  of  hydrogen  and  water  vapor 
were  used,  except  sample  15,845,  which  had  been  entirely  used.  The 
same  type  of  furnace  and  of  silica-tube  arrangement  was  used,  the 
hydrogen  tank  and  saturator  being  replaced  with  a  large  gasometer 
which  contained  the  desired  mixture  of  CO  and  COj.    A  gasometer 
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similar  to  one  described  by  Dennis'  was  found  especially  advanta- 
geous for  this  work  in  that  a  large  volume  of  gas  could  be  made  and 
stored  without  much  change  in  composition  taking  place.  Instead 
of  the  usual  arrangement  of  having  the  gas  confined  over  a  consider- 
able surface  of  liquid,  the  bell  was  arranged  to  move  freely  up  and 
down  between  two  concentric  cylinders;  the  inner  one  was  closed 
at  the  top,  thus  limiting  the  liquid  seal  to  the  1-inch  annular  space 
between.  By  using  a  mixture  of  approximately  60  per  cent  glycerin 
and  40  per  cent  water  the  solubility  of  COj  was  further  reduced  to  a 
minimum. 

PREPARATION  OF  GAS  MIXTURES. 

The  mixtures  containing  equal  parts  of  CO  and  COa  were  made 
by  heating  250  grams  of  oxalic  acid  and  600  c.  c.  of  concentrated  sul- 
phuric acid  in  a  1,000-c.c.  side-tube  distilling  flask.  From  the  flask 
the  gas  passed  through  a  wash  bottle  containing  concentrated  sul- 
phuric acid  and  then  directly  into  the  gasometer,  in  which  a  slightly 
diminished  pressure  was  maintained.  Air  in  the  gasometer  and  con- 
nections was  first  removed  by  partly  filling  and  then  emptying  the 
tank  before  the  gas  was  stored.  Mixtures  containing  more  than 
50  per  cent  CO,  were  made  by  adding  more  COj  from  a  tank  of 
liquid  carbon  dioxide.  The  carbon  dioxide  from  this  latter  source 
showed  the  foUowing  analysis:  Carbon  dioxide,  99.9  per  cent;  air, 
0.1  per  cent. 

Mixtures  containing  less  than  50  per  cent  COj  were  made  by 
interposing  between  the  oxalic  acid  generator  and  the  gasometer  an 
absorbing  train  of  sodium  hydroxide  solution  for  removing  COj. 
CO,  from  the  tank  containing  liquid  CO,  was  then  added  to  the 
CO  in  the  gasometer.  When  the  gasometer  had  been  filled  with  the 
desired  gas  mixture  the  mixture  was  allowed  to  stand  overnight  to 
come  to  equilibrium.  Samples  were  then  taken  over  mercury  and 
analyzed  for  carbon  monoxide,  carbon  dioxide,  and  oxygen  accord- 
ing to  the  Hempel  method,  as  described  in  Technical  Paper  63  of 
the  Bureau  of  Mines.^  Tests  were  made  which  assured  the  absence 
of  any  appreciable  quantities  of  other  combustible  gases.  In  order 
to  check  any  changes  in  the  composition  of  the  gas  stored  in  the 
gasometer  a  sample  was  taken  each  day  until  the  supply  became 
exhausted.  The  change  in  composition  from  day  to  day  never  ex- 
ceeded a  few  tenths  of  a  per  cent.  Any  small  fractional  percentage 
of  oxygen  found  in  the  gas  was  calculated  to  COg,  on  the  assump- 
tion that  in  the  furnace  it  combined  with  CO,  an  equivalent  deduction 
being  made  in  the  CO  percentage. 

*  Dennis,  L.  M.,  Gas  analysis,  1918,  pp.  25-27. 

*  Clement,  J.  K.,  Prazer,  J.  C.  W.,  and  Augastlne,  C.  B.,  Factors  governing  the  com- 
bustion of  coal  in  boUer  furnaces:  Tech.  Paper  68,  Bureau  of  Mines,  1914,  pp.  13-17, 
figs.  6  and  7. 
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The  general  procedure  followed  in  making  the  first  series  of 
softening-temperature  tests  in  CO  and  CO,  was  identical  with  that 
used  in  the  tests  with  hydrogen  and  water  vapor,  as  desmbed  on 
pages  57  to  60.  Heating  with  a  temperature  rise  of  5^  C.  per  min- 
ute until  initial  deformation,  and  then  with  a  temperature  rise  of 
2^  C.  per  minute  until  the  cone  was  down  gave  concordant  results 
in  the  hydrogen  atmosphere.  The  same  rate  of  heating  was  therefore 
used  in  the  first  series  in  which  carbon  monoxide  was  used.  How- 
ever, as  the  work  proceeded  it  soon  became  apparent  that  wholly 
concordant  results- were  not  being  realized;  as  all  previous  investiga- 
tions on  the  effect  of  rate  of  heating  had  been  made  in  reference  to 
atmospheres  of  air  or  of  hydrogen  and  water  vapor,  it  seemed  pos- 
sible that  a  slower  rate  of  heating  might  be  necessary  to  attain  uni- 
form results  in  CO-OO,  atmospheres.  The  softening  temperatuTB 
of  ash  sample  13629  was  therefore  determined  at  three  different 
rates  of  heating  in  a  mixture  of  approximately  equal  parts  of  CO  and 
COj.  As  shown  in  the  following  table,  when  the  rate  of  heat  increase 
was  2^  C.  per  minute,  the  ash  softened  at  a  temperature  72^  G.  lower 
than  when  the  heat  increase  was  5^  C.  per  minute. 


Results  of  experiments  to  determine  effect  of  rate  of  heating  on  toftening 

temperature  of  ash. 


Rate  of  tempenture  looreaM. 


6*  C.  per  minute 

5*  C .  tolnitial  deformation,  then  2*  C.  to  final  deforma- 
tion  

2*C.  per  minute , 


Softening  temperature. 


Initial. 


1,073 

1,0«S 
1,022 


FInaL 


•  C. 
1,175 

l,lfl3 
1,104 


In  view  of  this  seemingly  greater  lag  of  the  reducing  and  soft«iing 
reactions  in  carbon  monoxide  a  second  series  of  tests  was  made  on 
the  same  ashes  at  a  much  slower  rate  of  heating.  In  this  series  the 
ash  was  heated  rapidly  to  a  temperature  of  950°  C.  and  held  at  that 
temperature  for  a  period  of  one  hour;  heating  was  then  continued 
at  a  2®  C.  rate  until  the  cone  was  down. 

The  results  obtained  in  the  two  series  are  given  in  Table  10  follow- 
ing, and  in  the  curves  of  figures  20  to  28 ;  the  previously  obtained 
curves  from  experiments  with  mixtures  of  hydrogen  and  water 
vapor  are  also  plotted  to  the  same  scale  to  permit  comparison.  The 
results  of  analyses  of  the  ashes  follow : 


FUSIBILITY  OF  COAIi  ASH  IK  CO  AND  COt. 


57 


Retuits  of  analyses  of  ashes  represented  in  figures  20  to  23  and  in  Table  10, 
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Tabix  lO.'-Results  of  tests  to  detennine  softening  temperatures  of  certain  ash 
samples  in  an  atmosphere  containing  equal  parts  of  CO  and  COt, 


ASH  8A1CPLE  0. 


Compaaltka 

Boftfloing 
tBunporetura 
atbeatfaig 
rate  of  5^ 
aiid2*C.a 

Soltanfng 
wiOitein- 

900*  to  960*0. 

for  1  hoar, 
followed  by 

iiseof2*C. 
permiimte. 

CO. 

CO,. 

Magnetle  properties  and  amocmt  of  metallic  iron  in  Aiaed 

cone. 

P,(t. 

P.cf. 

1.8 

1.0 
2.0 
23.3 
26.4 
46.5 
48.3 
61.9 
018 
68.7 
87.3 
88.9 
94.0 
99.1 
90.7 

/  1,227-1,331 

\  1,270-1,340 

1,227-1,313 

*C. 

Fairly  magnetic;  many  small  globules  metallic  Fe. 
Faintly  maimAtiA;  nuuiy  vmRirfrlobiilMi  intttAlllr  Fa 

9&2 

9&1 

Faintly  macnetiG:  a  few  plobnlM  of  metallic  Fa. 

98.0 

1,271-1,405 

Fairly  magnetic;  many  small  elobulea  metalUo  Fa. 
Faintly  maenctic:  a  few  crlobiiles  metallic  Fn. 

76.7 

1,227-1,331 

73.6 

1,136-1,318 

Faintly  mami^tic:  no  metallic  Fe. 

S3.6 

1,318-1,347 

Do. 

SI.  7 

01,287-1,818 

48.1 

1,313-1,385 
1,350-1,385 

Do. 

3S.2 
31.3 

i,i75^i.337 
1,275-1,337 

Do. 
Do. 

12.7 

Do. 

U.l 

1.271-1.340 
1,304-1,870 

Do. 

6.0 

Do. 

.9 

Above  1,400 

Fafntly  mafoietic:  no  metallic  Fe. 

.3 

6Above  1.400 

Fairly  magnetic;  no  metallio  Fe. 

• 

•  A  cone  heated  for  2  hours  at  900*  to  960*  C.  and  then  sabjected  to  a  temperature  rise  of  2*  C.  per  minute 
theroafler  started  to  bend  at  1,174*  C.  and  was  down  at  1,314^  C. 
^Jaststaited. 


ASH  SAMPLE  16. 


96.1 

1.0 

2.6 

3.0 
23.3 
27.7 
46.1 
48.3 
51.6 
04.8 
68.5 
88.0 
88.3 
88.0 
010 
99.1 
lO&O 

1,827-1,875 
/  1,313-1.355 
\  1,322-1,860 

Stronffly  magnetic:  many  elobules  metallic  Fe. 

MM     9 

Fairl^magnetic;  many  globules  metallic  Fe. 

97.5 

• 

97.0 
76.7 

1,318-1,347 

Strongly  magnetic;  many  globules  metallio  Fe. 
Fairly  magnetic;  many  globules  metallic  Fe. 
Fairlv  magnetic;  a  liew  globules  metallio  Fe. 
Faintly  magnetio;  a  few  globules  metallic  Fe. 
Faintly  magnetic;  yery  few  dobules  metallio  Fe. 
Faintly  mAfmet)<^:  no  metallio  Fe. 

72.3 

1,167-1,279 

53.0 

1.275-1,313 

"i,'366^i,*322' 
1,300-1,326 

51.7 
48.4 

el,  140-1, 275 

85.3 

Do. 

SI.  6 

1,133-1,275 

Do. 

12.0 

1,174-1,287 

"1,248^1*256" 
1,227-1,263 

"l,*275^i,'327* 

Lost. 

11.7 
11.1 

1,237-1,267 

Nonmagiietlc;  no  metallio  Fe. 
Do. 

6.0 

Fairly  mametic:  no  metallic  Fe. 

.0 
.0 

1.233-1,314 

Strongly  magnetic;  no  metallio  Fe. 
Do. 

<  A  cone  heated  2  hours  at  900*  to  950*  G.  and  then  subjected  to  a  temperature  rise  of  2*  C.  per  minute 
tlicnatter  started  to  bend  at  1,184*  C.  and  was  down  at  1,275"  C. 

ASH  SAMPLE  5. 


983 

1.8 

1.9 

12 

6.2 

26.4 

46  0 

48.0 

62.5 

018 

68.7 

70.9 

8&8 

«8.0 

97.0 

99.1 

100.0 

'  1,251-41,400 

Fairly  macnetlc:  many  idobules  metallic  Fe. 

981 

1«) 
1.190-1.817 

Strongly  magnetic;  many  globules  metallic  Fe. 
Do. 

95.8 

918 
73.6 

1,170-1,304 

''iVxKhiVzixi 

Fairly  magnetic;  many  globules  metallic  Fe. 
Faintly  magnetic;  no  metallic  Fe. 
Nonmagnetic;  no  metallio  Fe. 

Do. 

Do. 

M.O 

1,300-1,300 

"i,'24S^l,'296' 
1,160-1,360 

"i.'so^l.'iio" 

"i.'l27-l,"3i6' 
1,142-1,831 

'AbovBl,'406' 

51.1 
47.5 

1,060-1,314 

a5.2 
S1.3 
23.1 

"i,"207-l,*827' 

Faintly  magnetic;  no  metallic  Fe. 
Do. 

11.7 
6.1 

1,123-1,318 

Fairly  magnetic;  no  metallic  Fe. 
Fainuy  magnetic:  no  metallio  Fe. 

2.1 
.0 
.0 

Aboye  1,466 

Lost. 

Strongly  magnetic;  no  metallio  Fe. 
Do. 

<AboTe 

•Cgne started  softening  at  1.343*  C;  oiM)4ialf  malted  down  at  1,400*  C. 
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Table  10. — Results  of  tests  to  determine  softening  temperatures  of  certa4m  ofh 
samples  in  an  atmosphere  containing  equ<U  parts  of  CO  and  COr--Gontinaed. 


ASH  SAMPLE  12. 


CampositioD 
of  gas. 

Softening 

temperature 

ftt  heating 

rateofS*^ 

and2' C.a 

Softening 
temperature 

with  tem- 
perature of 
900*to960*C. 

for  1  hour, 
followed  by 

rise  of  2*0. 
per  minute. 

CO. 

'co,. 

Magnetic  pfcpartleB  and  amomit  of  motalUc  iron  in  taaA 

oone. 

P.ct. 
100.0 

P.ct. 

0.0 

.8 

LO 

5.0 

15.3 

22.7 

20.0 

20.0 

40.1 

51.5 

52.3 

04.8 

74.9 

70.9 

88.9 

94.0 

99.7 
100.0 

1.270-i,296 
1,241-1,309 

•c. 

Rtroniriy  nuumetf^^:  mnc^  m^tniUo  Fa. 

99.2 

Do. 

99.0 

1.251-1,296 

Strongly  magnetic;  manr  globules  motallic  Fe. 
Strongly  magnetic;  much  metallic  Fe. 

95.0 

l;  170-1, 220 

84.7 

1,101-1,171 

Fairly  magnetic;  many  globules  metalllo  Fe. 

77.3 

/1, 070 

Faintly  magnetic;  no  metallic  Fe. 
K^>nnifVFn^tU7;  No  metallic  Fe« 

73.4 

al,058 
1,056-1.060 

73.4 

Do. 

53.9 

1,050-1,080 

Nonmagnettc;  no  metaiUc  Fer 

48.5 

1,073-1,083 

Do. 

47.7 

1,027-1,048 
1,072-1.104 

Faintly  magnetic;  no  metalUo  F». 

85.2 

25.1 

1,073-1,104 

Do. 

/  "■/i;i64' 

\          /1,080 

1.048-1,004 

/  1.060-1,130 

\  1,048-1,127 

1,304-1,370 

Lost. 

23.1 

Nonmagnetic:  no  metalUo  Fe. 

ILl 

Fairly  magnetic;  no  metalHo  Fa. 

0.0 

Do. 

.3 

flfmnfifiy  masnetic:  no  mfltalllo  Fe* 

.0 

1,300-1,347 

Do. 

a  Starting  point  not  observed. 


DISCUSSION  OF  RESULTS. 

The  softening-point  curves  show  that,  except  ash  sample  16243, 
smooth  curves  were  not  obtained  for  the  softening  points  in  atmos- 
pheres of  CO  and  CO2  when  the  rate  of  increase  of  heating  was  5^ 
and  2®  C.  per  minute ;  however,  on  allowing  more  time  for  reduction 
and  softening  of  the  ash  by  holding  the  cone  at  a  temperature  of 
900°  to  950°  for  a  period  of  one  hour  and  then  increasing  the  heat 
2°  C.  per  minute  until  softening  was  complete,  the  seeming  irregu- 
larities disappeared  and  curves  similar  in  shape  to  those  obtained  in 
atmospheres  of  hydrogen  and  water  vapor  were  obtained.  These 
lower  and  more  uniform  curves  show  for  each  of  the  ashes  tested 
a  well-defined  region  of  minimum  softening  temperature,  which 
ranged  between  approximate  limits  of  75  and  10  per  cent  carbon 
monoxide.  For  most  samples  the  minimum  softening  temperature  in 
an  atmosphere  of  carbon  monoxide  and  carbon  dioxide  was  somewhat 
higher  than  the  softening  temperature  in  an  atmosphere  of  hy- 
drogen and  water  vapor,  the  greatest  difference  being  65°  C.  for  sam- 
ple 15844. 

The  general  similarity  in  shape  of  the  Hj-H^O  and  the  CO-CO, 
curves  would  indicate  that  the  variation  in  the  fusibility  of  a  given 
ash  is  determined  principally  by  the  state  of  oxidation  of  its  iron 
content.  The  stable  phase  of  iron  is  in  turn  determined  by  the  tem- 
perature, by  the  relative  concentrations  of  oxidizing  and  reducing 
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gases,  and,  in  part,  by  the  other  components  of  the  ash.  In  a  gen- 
eral way  the  effect  as  regards  reduction  would  be  similar  for  carbon 
monoxide  and  hydrogen;  likewise  the  oxidizing  effects  of  air,  of 
carbon  dioxide,  and  of  water  vapor  on  the  iron  component  are  simi- 
lar enough  to  give  maximum  softening  temperatures  of  the  same 
order  for  a  given  ash,  as  shown  in  Table  11  following : 

Table  11. — Results  of  tests  to  dt^termine  comparative  effects  on  softening  tem- 
peratures of  ash  of  atmospheres  of  air,  of  water  vapor,  of  carbon  dioxide,^  of 
carbon  monoxide,  of  equal  parts  of  hydrogen  and  water  vapor^  and  of  equal 
parts  of  carbon  monoxide  and  carbon  dioxide. 


• 

Percent 
ofFetOi. 

Softening  temperature,  *  C. 

Ash  sample  No. 

Oxidizing  atmosphere. 

Reducing  atmoe- 
phcce. 

Atmos- 
phere of 

equal 
parts  of 
Hi  and 

HiO. 

Atmos- 
phere of 
equal 

Air. 

Waler 
vapor. 

COfc 

Hi. 

CO. 

parts  of 

CO  and 

COi. 

10243 

36u9 

19.0 

11.8 

7.0 

1,386 
1,490 
1,322 
1,426 

1,813 

1,322 

1,370 

1,347 
1,327 

1,370 

(«) 

1,402 

1,360 

1,295 

(•) 
1,376 

1,331 

1,080 
1,256 
1,350 
1,283 

1,066 

15844 

1,316 

16586 

1,276 

1.326 

a  Above  1,400. 

The  sharp  rise  of  the  softening-point  curves  at  both  the  oxidizing 
and  reducing  end  confirms  the  reasons  previously  advanced  for  the 
large  variations  in  results  obtained  in  different  furnaces.  It  is  evi- 
dent that  no  concordant  results  can  be  obtained  in  oxidizing  atmos- 
pheres containing  small  proportions  of  reducing  gas  or  similarly 
in  essentially  reducing  atmospheres  with  small  admixtures  of  oxi- 
dizing gases,  as  in  these  regions  the  curves  have  a  sharp  inclination. 

BELATIOH  OF  SOFTENINO  TEMPESATUSES  IN  ATMOSPHERES  OF 
HTSBOOEN  AND  WATEB  VAFOB,  AND  OF  CASBON  MONOXIDE 
AND  CASBON  DIOXIDE  TO  CUNXEK  FORMATION  IN  FUBNACES. 

The  general  form  of  the  softening-point  curves  suggests  a  choice 
of  tiiree  types  of  atmosphere  in  which  uniform  softening  points  may 
be  determined,  namely,  (1)  a  strongly  reducing  atmosphere  of  100  per 
cent  hydrogen  or  carbon  monoxide;  (2)  a  weakly  reducing  atmos- 
phere of  approximately  50  per  cent  hydrogen  and  50  per  cent  water 
vapor,  or  of  50  per  cent  carbon  monoxide  and  50  per  cent  carbon 
dioxide;  (3)  an  oxidizing  atmosphere  of  100  per  cent  water  vapor, 
carbon  dioxide,  or  air. 

The  atmosphere  to  be  selected  for  a  standard  softening-temperature 
test  should  be  one  that  produces  a  slag  with  the  iron  in  the  same  state 
of  oxidation  as  is  usually  found  in  fuel-bed  clinkers.  Determina- 
tions were  therefore  made  of  the  relative  percentages  of  ferrous, 
ferric,  and  metallic  iron  in  the  glassy  parts  of  furnace  clinkers  and 
in  the  ash  cones  fused  in  the  atmospheres  mentioned  above. 
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PEBBOTTS,  FBBJtlC,  AND  XETAIXIC  IBON  IN  FU8BD  ASH  GOHSS 

AND  GLINXEB  SLAGS. 

Fourteen  to  twenty  ash  cones,  whose  weight  aggregated  2  or  3 
grams,  were  placed  in  a  platinum  boat  and  heated  to  softening 
temperatures  in  the  silica  tube  of  the  furnace  at  the  different  rates 
of  heating  used  in  the  previous  tests.  In  the  tests  with  an  atmos- 
phere of  hydrogen  and  water  vapor  the  boat  and  its  contents  were 
hjBld  at  this  temperature  for  30  minutes  to  permit  the  softening  re- 
actions to  approach  equilibrium.  In  the  tests  with  an  atmosphere 
of  CO  and  CO2  heating  was  stopped  as  soon  as  the  softening  point 
was  reached.  As  in  the  softening-temperature  determinations  the 
cones  were  heated  to  redness  previous  to  the  tests  to  oxidize  and 
remove  the  organic  binders.  At  the  end  of  the  heating  period  the 
electric  current  was  cut  off  and  the  furnace  allowed  to  cool  rapidly, 
without  interrupting  the  gas  stream.  To  avoid  any  possibility  of 
cliange  during  cooling  it  would  have  been  better  to  have  quenched 
the  fusion  suddenly.  However,  the  viscosity  of  the  ash  melted  was 
so  great  that  little  change  was  probable  at  the  rate  of  cooling  used. 
The  fused  material  appeared  glassy. 

As  the  particular  ash  samples  used  in  the  softening-temperature 
tests  and  in  the  fusions  with  hydrogen  and  water  vapor  became  ex- 
hausted before  the  fusions  in  atmospheres  of  CO  and  CO,  were  made, 
it  was  necessary  to  use  for  the  latter  fusion  tests  other  samples  of 
ash  from  coal  from  the  same  mines.  The  new  samples  showed  a 
slightly  different  total  iron  content  and  a  softening  temperature  that 
deviated  approximately  40®  C.  from  that  of  the  original  samples. 
However,  they  served  as  well  for  use  in  determining  the  relative 
reducing  effect  of  the  different  atmospheres  on  the  ferric  oxide^ 

After  the  furnace  had  cooled,  the  fused  cones  were  removed  from 
the  boat  and  were  pulverized,  first  by  impact  in  a  diamond  mortar 
of  hardened  steel  and  then  in  an  agate  mortar,  to  100  mesh  and 
analyzed  for  ferrous,  ferric,  and  metallic  iron  by  the  method  of 
Mathesius.^  The  results,  as  given  in  Table  12  following,  show  well- 
defined  differences  in  the  state  of  oxidation  of  tfie  iron  content  of 
the  fused  ash  samples  in  the  various  atmospheres.  In  air,  water 
vapor,  and  carbon  dioxide  67  to  88  per  cent  of  the  ferric  oxide 
remained  as  ferric  iron ;  in  hydrogen  and  in  carbon  monoxide,  49  to 
78  per  cent  of  the  iron  was  reduced  to  the  metallic  form,  the  larger 
percentage  being  found  in  the  cones  fused  in  hydrogen  atmosphere; 
in  the  cones  fused  in  an  atmosphere  of  equal  parts  of  hydrogen  and 
water  and  in  the  cones  fused  in  an  atmosphere  of  equal  parts  of 
CO  and  CO2  little  or  no  metallic  iron  was  found,  the  dominant  form 
being  ferrous  iron,  the  proportion  of  which  ranged  from  78  to  94 
per  cent. 

•Matheilas,   Lndwig,   UntersQcbungen   fiber   die   Eedusierbarkelt  tod    Blienenen  Wi 
strOmenden  Gasen:  StabI  uod  Etsen,  Bd.  34,  1914,  pp.  866-867. 
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Tabub  llr-BeHat9  Of  analyaes  of  ash  cones  fused  in  various  atmospheres  and 

of  furnace  tsiinkers. 
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•  Gone  heated  with  a  tempentore  rise  of  5*  C.  per  minute  until  initial  deformation  when  the  rate  of  in- 
Qsse  was  3*  C.  per  minute  until  final  deformation. 

*  CoBftlMated  nr  1  hour  at  960*  C,  wlm  it  waa  subjected  to  a  temperature  rise  of  3*  C.  per  hour. 
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Together  with  the  results  of  analyses  of  fused  ash  cones  are  given 
the  results  of  analyses  of  the  fused  and  glassy  parts  of  several 
clinkers  produced  under  working  conditions  in  the  fuel  beds  of 
different  boiler  furnaces  operating  with  Pittsburgh  coal.  The  coal, 
however,  came  from  different  mines.  Clinker  20137  was  obtained 
from  the  grate  of  a  small  hand-fired  experimental  furnace  used  for 
combustion  investigations.  Clinkers  20145  and  20452  were  kindly 
furnished  by  Mr.  A.  A.  Straub,  steam  engineer  of  the  Duquesne  Light 
Co.,  of  Pittsburgh,  Pa.  These  clinkers  were  dumped  from  the  fuel 
bed  while  hot  and  were  quenched  with  water.  The  clinkers  were  of 
the  particularly  troublesome  taffylike  variety  that  flow  over  the  grate 
bars  and  shut  off  the  air  supply  for  combustion.  Plate  III,  4,  repre- 
sents a  photograph  of  clinker  20452.  The  edge  at  the  top  of  the  plate 
is  the  side  that  adhered  to  the  corrugated  grate  of  the  new  model 
type  D  Roney  stoker.  The  matrix  of  this  clinker  was  a  black  glass 
which  could  readily  be  chipped  out  in  quantity  for  analysis  without 
including  any  coke  or  unfused  material.  At  the  contact  surface  of 
coke  and  slag,  particles  of  metallic  iron  could  be  identified.  A  micro- 
scopic examination,  made  by  Mr.  A.  A.  Klein,  of  the  Bureau  of 
Standards,  of  the  powdered  slag  from  this  clinker  and  from  the 
others  showed  the  material  to  be  essentially  a  glass  with  small  quan- 
tities of  sillimanite  (Al208,Si02)  and  of  an  opaque  iron  mineral, 
probably  magnetite,  as  the  only  crystalline  phases  present. 

The  results  of  analyses  of  the  fused  ash  cones,  and  of  the  three 
fuel-bed  clinkers  given  in  Table  12  show  that  of  the  different  atmos- 
pheres employed  in  the  laboratory  furnace,  the  atmosphere  contain- 
ing equal  parts  of  hydrogen  and  water  vapor  and  that  containing 
equal  parts  of  carbon  monoxide  and  carbon  dioxide  produced  slags 
that  corresponded  most  closely  in  the  state  of  oxidation  of  their  iron 
content  to  the  glassy  parts  of  the  furnace  clinkers.  In  both  the  fused 
cones  and  the  clinkers  approximately  80  per  cent  of  the  iron  appeared 
as  ferrous  iron,  the  form  in  which  it  imparts  the  maximum  fluxing 
action  on  the  silicate  mixture. 

In  view  of  the  results  presented  above,  the  conclusion  is  war- 
ranted that  the  minimum  softening  temperature  of  a  coal  ash  as 
determined  in  either  the  CO-COg  or  the  H^-HjO  atmosphere  is 
more  representative  of  the  temperature  of  clinker  formation  under 
furnace  conditions  than  the  somewhat  higher  results  obtained  in 
strongly  reducing  atmospheres  of  hydrogen  or  carbon  monoxide,  on 
the  one  hand,  and  oxidizing  atmospheres  of  air,  water  vapor,  or 
carbon  dioxide,  on  the  other. 


A.    CLINKER  NO.  10451  FROM  GRATE  OF  RONEV  STOKER. 


B.    TYPICAL  FORMS  OF  CONES  FUSED  IN  THE  NO.  3  MELTER'S  FURNACE. 
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BELAUVE  MEBITS  OF  CO-GO^  AHB  OP  Ea-E^O  AIMOSPSEBES  AS 
STANDASD  AIMOSPSEBES  FOB  FUSION  TESTS. 

The  results  of  the  experiments  with  the  four  ashes  that  have  been 
investigated  indicate  that  the  effects  of  hydrogen  and  of  carbon 
monoxide  as  a  reducing  agent  are  closely  similar.  The  principal 
effect  of  either  gas  mixture  is  to  cause  the  iron  component  to  appear 
in  the  slag  in  the  ferrous  state.  There  are,  however,  certain  minor 
reactions  involving  the  formation  of  sulphides  and  carbides  that 
proceed  differently  in  the  two  atmospheres.  For  example,  all  the 
ash  cones  fused  in  an  atmosphere  containing  equal  parts  of  CO  and 
CO2  and  in  an  atmosphere  of  100  per  cent  CO,  contained  ferrous  sul- 
phide and  some  of  the  fused  cones  contained  carbides ;  the  sulphides 
were  formed  by  reduction  of  sulphates  in  the  ash.  In  the  fusions 
made  in  an  Hg-HjO  atmosphere  special  evidence  of  sulphide  forma- 
tions was  not  noted.  Obviously  carbides  could  not  be  formed  in  the 
latter  atmosphere.  These  minor  reactions  and  perhaps  a  slower  reac- 
tion velocity  of  reduction  may  be  the  cause  of  the  somewhat  higher 
softening  temperatures  obtained  in  the  CO-CiO,  mixtures. 

In  order  to  obtain  further  data  on  the  relation  between  the  mini- 
mum softening  temperatures  of  various  ashes,  as  determined  in  an 
atmosphere  containing  equal  parts  of  H,  and  HjO,  in  an  atmosphere 
containing  equal  parts  of  CO  and  COj^  and  in  air,  many  samples  of 
coal  ashes  having  various  contents  of  iron  oxide  were  tested  in  these 
atmospheres. 

The  results  are  given  in  Table  13,  following,  and  are  plotted  in  the 
order  of  increasing  iron  oxide  content  in  figures  24  and  25.  Table 
13  and  figure  24  also  present  a  series  of  results  obtained  in  gas  fur- 
nace No.  3.  These  values  are  discussed  in  a  subsequent  part  of  this 
report. 
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It  will  be  seen  from  figure  25  that  softening  of  the  ash  began  in 
reducing  atmospheres  of  H,  and  H,0  and  of  CO  and  CO,  at  practi- 
cally the  same  temperatures,  whereas  in  oxidizing  atmospheres  of 
air  softening  did  not  take  place  until  a  considerably  higher  tempera- 
ture had  been  reached,  the  average  difference  varying  from  100^ 
to  260^  C. 

Many  ashes,  however,  showed  distinct,  differences  in  the  tempera- 
ture at  which  complete  deformation  of  the  cones  took  place  in  the 
atmospheres  of  H,  and  H^O  and  of  CO  and  CO,,  as  shown  in 
figure  24. 

The  curves  representing  average  softening  temperatures  show  that 
the  differences  gradually  increased  with  an  increase  of.  FejO, — ^from 
30^  C.  for  an  ash  with  6  per  cent  Fe^O,  to  90^  C.  for  an  ash  with  9 
per  cent  Fe^O,.  The  average  difference  remained  constant  until  19 
per  cent  FczO,  was  exceeded  when  it  rapidly  decreased  to  20^  C.  aad 
less  for  ashes  having  25  per  cent  or  more  of  ferric  oxide. 

Individual  samples  showed  differences  both  above  and  below  the 
average  curves.  The  largest  observed  difference  was  197^  C.  The 
mean  difference  for  the  48  samples  tested  was  66^  C. 

Seemingly,  these  differences  in  softening  intervals  of  ash  samples 
in  atmospheres  of  H,  and  11,0  and  of  CO  and  CO,  have  some  relation 
to  the  percentage  of  ferric  oxide  in  the  ash,  becoming  greatest  in 
ashes  with  an  iron  oxide  content  between  9  and  19  per  cent. 

Silicate  mixtures  free  from  iron  oxide  did  not  show  any  material 
difference,  as  may  be  seen  in  the  following  results  of  tests  made  with 
standard  pyrometric  cones  : 

Tablk  14. — Results  of  tests  to  determine  softening  temperatures  of  standard 
pyrometric  cones  «  in  Hx-HtO  and  CO-^O^  atmospheres,  and  in  air. 


• 

Cone 
No. 

Per  cent  of 
FesOs  in 

Seger-oone 
formula. 

Softening  temperature  in— 

Diilerenoe. 

Atmos- 
phere of 
equal  parts 
of  Hi  and 
HsO. 

Atmos- 
phere of 
equal  parts 
of  CO  and 
COs. 

Air. 

Hfl-HiO 

and  CO- 

COiatmos- 

pheies. 

Hfl-H|0 
atmos- 
phere. 

06 

04 

02 

1 

2 

4 

6 

8 

10 

12 

8.52 
8.54 
8.57 
8.58 
4.88 

None. 

None. 

None. 

None. 

None. 

•a 

1,018 

»1,06» 

1,110 

1,146 

1,165 

1,221 

1,281 

M,332 

M,358 

1,358 

•c. 

1,026 
1,062 
1,110 
1,164 
1,170 
1,240 
1,202 
1,330 
1,340 
1,370 

•a 

1,040 
1,086 
1,178 
1,182 
1,181 
1,250 
1,286 
1,366 
1,334 
1,367 

•a 

+  8 
-27 
+  0 
-18 
+  6 
+10 
+11 
-2 
-18 
+12 

•c. 

+22 
-  4 

+50 
+36 
+16 
+20 
+  5 
+34 
-24 
+  9 

^Manufactured  by  Edward  Orton,  Jr.,  Cdumhus,  Ohio. 
^Average  of  dooefy  chacMng  duplicate  detenninaUoiis, 
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The  average  softening-point  curves  in  figure  24  show  clearly  the 
effect  of  increasing  percentages  of  iron  oxide  in  lowering  the  soft- 
ening temperatures  of  coal  ashes  in  reducing  atmospheres. 

This  relation  was  most  clearly  indicated  in  tests  with  an  atmos- 
phere of  hydrogen  and  water  vapor,  the  average  softening-point 
curve  dropping  from  1,310®  to  1,120°  C.  with  an  increase  of  FcaO, 
from  5  to  60  per  cent.  In  an  oxidizing  atmosphere  of  air  the  average 
softening  points  for  the  same  ashes  dropped  only  from  1,400®  to 
1^®  C.  Hence  iron  oxide  in  the  ferric  form  or  as  magnetite  is  not 
to  be  regarded  as  having  any  marked  effect  in  lowering  the  fusibility 
of  a  coal  ash.  It  is  only  when  the  conditions  are  such  as  to  reduce 
the  iron  component  of  a  slag  to  the  ferrous  form  that  its  effect  be- 
comes marked  in  lowering  the  temperature  of  fusion. 

AU  the  cones  fused  in  air  were  strongly  magnetic.  Those  fused  in 
the  CO-CO2  atmosphere  were  mostly  nonmagnetic,  although  a  con- 
siderable proportion  gave  evidence  of  weakly  magnetic  properties 
when  suspended  in  the  field  of  a  strong  electromagnet.  In  no  fused 
cone  was  any  metallic  iron  detected  under  the  microscope  by  the 
copper  sulphate  test. 

The  cones  fused  in  the  Hj-HjO  atmospheres  were  all  nonmagnetic 
except  some  of  those  containing  more  than  40  per  cent  ferric  oxide, 
which  showed  traces  of  metallic  iron. 

At  first  thought  it  would  appear  that  a  CO-CO2  atmosphere  should 
unquestionably  be  accepted  as  the  proper  laboratory  medium  for  mak- 
ing fusion  tests,  as  it  comprises  the  principal  constituent  gases  that 
control  slag  formation  in  the  fuel  bed.  There  is,  however,  some  diffi- 
culty in  developing  a  satisfactory  laboratory  furnace  in  which  a  defi- 
nite standard  concentration  of  CO  and  CO,  can  be  maintained  at  tem- 
peratures covering  the  entire  range  of  fusion  temperatures  of  coal 
ash.  For  instance,  the  furnace  used  in  the  tests  was  limited  to  a 
maximum  temperature  of  1,400®  C.  At  higher  temperatures  the 
silica  tube  rapidly  crystallized  and  became  permeable  to  gas.  As 
refractory  materials  are  generally  permeable  to  gases  at  high  tem- 
peratures, rapid  gas  currents  would  be  necessary  to  maintain  any  defi- 
nite atmosphere  surrounding  the  cone. 

A  further  seeming  objection  to  the  CO-COj  atmosphere  is  the 
slowness  of  the  reducing  and  slagging  reactions  as  shown  in  the  ex- 
periments made  in  this  atmosphere ;  approximate  equilibrium  seemed 
to  be  attained  more  rapidly  in  the  Hj-HjO  atmosphere.  It  was  there- 
fore decided  to  extend  the  tests  with  an  atmosphere  of  hydrogen  and 
water  vapor  to  temperatures  above  1,400®  C,  a  modified  type  of 
molybdenum  furnace  being  designed  for  this  purpose. 
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MODIFIED  MOLTBDENTJX  FUBNACE  AHD  SATUSATOB  TOB  SOF- 
TENING-POINT DETEBHINATI0N8  IN  H2-H2O  ATM08FHEBE. 

In  the  experiments  previously  described  the  ash  cone  Tras  heated 
in  a  glazed  vitreosil  tube,  through  which  a  current  of  hydrogen 
and  water  vapor  was  passed  continuously.  The  tube  was  heated  in 
a  horizontal  platinum-wire  resistance  furnace.  This  apparatus, 
although  satisfactory  for  the  more  fusible  ashes  such  as  were  studied 
in  the  former  experiments,  is  not  adapted  to  routine  work  in  which 
samples  softening  at  temperatures  above  1,400°  C.  may  be  encoun- 
tered. A  molybdenum-wire  resistance  furnace  was  therefore  de- 
signed in  which  the  entire  atmosphere  inside  the  gas-tight  sheet-iron 
jacket  could  be  controlled  within  the  required  limits  of  hydrogen  and 
water  vapor  (30  to  70  per  cent  water  vapor) ,  thus  obviating  the  neces- 
sity of  a  gas-tight  refractory  tube. 

Preliminary  tests,  in  which  molybdenimi  wire  was  heated  to  1,400' 
C.  in  various  mixtures  of  hydrogen  and  water  vapor,  showed  little 
oxidation  of  molybdenum  in  mixtures  containing  60  per  cent  water 
vapor ;  at  70  per  cent  water  vapor  a  slight  superficial  oxidation  was 
noted,  which  was  little  greater  at  90  per  cent  water  vapor.  Heating 
even  in  100  per  cent  water  vapor  to  1,400°  C.  caused  only  a  thin 
surface  coating  of  light-colored  oxide.  On  heating  in  air  the  metallic 
molybdenum  was  completely  oxidized  at  1,100°  C.  From  these  ex- 
periments it  appeared  that  no  material  trouble  from  oxidation  of  the 
molybdenum  heating  element  would  be  experience  in  an  atmosphere 
of  equal  parts  of  hydrogen  and  water  vapor  within  the  temperature 
limits  required  for  softening  most  coal  ashes,  at  least  those  containing 
over  7  per  cent  ferric  oxide,  which  fuse  at  a  temperature  less  than 
1,500°  C.  For  ashes  that  soften  at  a  temperature  higher  than  1,500^ 
C,  it  is  permissible  to  run  pure  hydrogen  through  the  furnace,  as  the 
iron  oxide  content  is  so  low  as  to  have  little  effect  on  the  fusibility. 

DESCBIPTION  OF  FUBNACE  AND  SATTT&ATOB. 

The  furnace  and  saturator  are  shown  in  Plate  IV,  A.  The  details 
are  given  in  figures  26  and  27.  The  furnace  consists  in  part  of  an 
outer  shell  of  No.  14  B.  &  S.  gage  sheet  iron,  7  inches  in  diameter  and 
11  inches  long,  autogenously  welded,  gas-tight  at  the  seams,  and  hav- 
ing at  the  front  a  circular  1-inch  flange  perforated  for  six  equally 
spaced  bolts.  Between  this  flange  and  the  circular  end  plate,  both  of 
which  are  made  of  :J-inch  sheet  iron,  is  placed  an  asbestos  gasket 
^  inch  thick,  painted  with  a  thick  mixture  of  powdered  graphite 
and  glycerin.  This  end  plate  and  flange  are  drawn  together  suffi- 
ciently tight  to  produce  a  gas-tight  connection.  The  mixture  of  hy- 
drogen and  water  vapor  enters  the  shell  through  a  ^-inch  horizontal 
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pipe,  threaded  into  a  1^-inch  iron  pipe  serving  as  an  observation 
tube,  which  in  turn  is  threaded  into  the  center  of  the  front  end  plate. 
A  vertical  ^-inch  iron  pipe  with  a  brass  stopcock  threaded  into 


"   HydrogcB 


Figure  26. — Vertical  longitudinal  section  through  molybdenum  furnace  No.  S. 

the  top  of  the  observation  tube  serves  as  a  by-pass  around  the 
saturator  for  admitting  pure  hydrogen  to  the  furnace.  The  free  end 
of  the  observation  tube  carries  a  brass  sleeve  into  which  is  threaded 
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a  brass  cap  bearing  on  an  asbestos  gasket,  as  shown  in  figure  26. 
The  cap  is  fitted  with  a  glass  window,  through  which  the  temperature 
is  read  optically.    The  glass  is  held  between  two  asbestos  gaskets  by 


To  relay 


Hydrogen 
inlet 


SATURATOR 


Figure  27. — Front  elevation  of  molybdenum  furnace  No.  3  and  vertical  section  throngli 
saturator.  a.  Switch  for  cutting  out  resistance  i;  b,  metal  jacket  covering  super- 
heater; o,  vapor-pressure  thermoregulator ;  d,  thermometer;  e,  water  in  saturator; 
f,  glass  gage ;  g,  brass  three-way  cock ;  h,  cover  of  saturator ;  i,  resistance  coU ;  /,  body 
or  saturator ;  I,  upper  heating  coU  of  saturator  for  continuous  duty,  m,  lower  heating 
coll  of  saturator  for  Intermittent  duty ;  n,  o,  p,  binding  posts ;  q,  perforated  baffle  for 
breaking  up  hydrogen  Into  small  bubbles ;  r,  i-lnch  iron  pipe  wound  with  asbestos  and 
nichrome  wire  to  prevent  condensation  of  water  vapor ;  s,  glass  window  for  observing 
cones. 

a  threaded  brass  ring.    To  insert  a  cone  in  the  furnace,  the  entire  cap 
is  unscrewed  from  the  brass  sleeve.    The  furnace  is  supported  in  an 
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iron  frame  so  that  its  center  is  about  17  inches  above  the  table,  which 
is  a  convenient  height  for  optical  measurements  of  temperature. 

The  heating  element  consists  of  17  feet  of  molybdenum  wire,  No. 
16  B.  &  S.  gage,  wound  upon  the  inside  of  an  alundum  tube,  1^  inches 
in  internal  diameter,  6  inches  long,  and  closed  at  one  end  by  an 
alundum  disk  cemented  in  with  alundum  cement.  The  wire  is  wound 
6  turns  to  the  inch  except  at  the  front,  where  compensation  for 
radiation  is  obtained  by  winding  10  turns  on  the  first  inch.  This 
tube,  carrying  the  coil  of  molybdenum  wire,  when  placed  in  posi- 
tion, lies  in  the  axis  of  the  cylindrical  shell,  2^  inches  from  the  rear 
end  and  2^  inches  from  the  front  end,  measured  to  the  plane  of  the 
flange.  The  heated  alundum  tube  is  supported  by  being  placed 
within  a  magnetic  tube  2f  inches  in  internal  diameter  and  lOf  inches 
long.  The  magnesite  tube  prevented  deformation  of  the  alundum 
tube  at  high  temperatures.  The  narrow  annular  space  between  the 
tube  carrying  the  molybdenum  coil  and  the  magnesite  tube  is  filled 
with  light  calcined  magnesia  powder,  free  from  carbonate. 

The  magnesite  tube  is  provided  with  two  slots  at  the  front  end 
for  leading  out  the  terminals  of  the  molybdenum  coil.  At  the  front 
end  the  cylindrical  heating  chamber  is  continued  along  the  axis  by 
a  short  alundum  tube,  1^  inches  in  internal  diameter.  The  1^-inch 
annular  space  between  the  magnesite  tube  and  the  outer  iron  shell  is 
filled  with  previously  ignited  kieselguhr  (infusorial  earth).  The 
magnesite  tube  is  supported  at  the  ends  by  rings  of  '^transite,"  1 
inch  thick.  The  rear  terminal  of  the  heating  coil  passes  between 
the  alundum  tube  and  the  magnesite  tube  to  the  front  end  of  the  heat- 
ing coil,  through  a  slot  in  the  magnesite  tube,  and  out  of  the  furnace 
through  a  |-inch  pipe,  1  inch  long,  threaded  into  the  front  plate. 
The  front  terminal  passes  through  a  similar  slot  in  the  magnesite 
tube  and  out  of  the  furnace.  The  positions  of  these  terminals  can 
be  better  seen  by  reference  to  figure  27,  which  shows  the  front  of 
the  furnace. 

The  leads  are  centered  in  the  pipes  by  an  outer  and  an  inner  disk 
of  "transite,"  between  which  is  a  layer  of  litharge  cement.  (See 
fig.  26.)  This  makes  a  gas-tight  arrangement,  which  is  not  affected 
by  the  temperature  to  which  the  shell  is  subjected. 

In  order  to  obtain  a  background  suitable  for  measuring  the  tem- 
perature of  the  test  piece  with  accuracy,  a  thin  alundum  disk  is 
cemented  in  at  the  rear  end  of  the  tube  carrying  the  heating  coil. 
The  space  back  of  this  disk  is  provided  with  light  calcined  magnesia 
powder.  The  heating  space,  which  is  IJ  inches  in  diameter  and 
6  inches  long,  affords  a  uniformly  heated  part  approximately  8 
inches  long.  The  ash  cone  is  placed  in  a  No.  5811  alundum  extrac- 
tion thimble,  1|  inches  by  3  inches.    When  this  is  to  be  inserted  the 
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brass  cap  on  the  observation  tube  is  taken  off  and  the  thimble  is 
pushed  back  about  1  inch  beyond  the  center  of  the  heating  coiL  An- 
other alundum  capsule  havmg  two  or  thi*ee  diaphragms  is  then 
introduced  to  minimize  radiation  loss.  Under  normal  conditions 
the  cone  is  barely  visible  against  the  background. 

In  order  to  heat  the  outer  shell  of  the  furnace  rapidly  to  a  tempera- 
ture at  which  no  water  can  condense  from  the  atmosphere  of  hydrogen 
and  water  vapor  in  the  furnace,  110  feet  of  No.  20  B.  &  S,  gage 
nichrome  wire,  about  five  turns  per  inch,  is  wrapped  around  the  out- 
side of  the  furnace.  This  length  and  size  of  wire  will  allow  three 
amperes  to  flow  when  the  wire  is  connected  directly  across  a  220- volt 
circuit  and  will  heat  the  outer  shell  to  a  temperature  of  90°  C.  in  15 
minutes,  which  will  prevent  the  condensation  of  moisture  from  the 
Hj-HgO  atmosphere. 

The  wire  is  insulated  from  the  furnace  by  first  wrapping  the  iron 
shell  with  thin  asbestos  paper.  The  resistance  wire  is  wound  on  this 
paper  and  fastened  at  each  end  of  the  furnace  with  asbestos  cord. 
Another  sheet  of  asbestos  paper  is  then  wrapped  around  the  furnace 
to  cover  the  resistance  wire,  as  shown  in  figure  26. 

The  desired  mixture  of  hydrogen  and  water  vapor  is  obtained  by 
bubbling  hydrogen  through  water  held  at  the  proper  temperature. 
The  exact  temperature  depends  on  the  prevailing  barometric  pres- 
sure and  the  proportions  of  water  vapor  and  hydrogen  desired.  A 
temperature  of  81°  C  is  required  for  a  mixture  containing  equal 
parts  of  water  vapor  and  hydrogen. 

The  saturator  is  constructed  of  brass  and  its  temperature  is  con- 
trolled automatically  by  a  vapor-pressure  thermo  regulator.  The 
water  in  the  saturator  is  heated  by  a  coil  of  nichrome  wire  wound 
around  the  saturator  and  connected  in  series  with  a  relay  which  is 
operated  by  the  thermo  regulator.  Complete  details  of  this  saturator 
and  an  earlier  form  of  the  molybdenum  furnace  have  been  published 
in  a  previous  report.*  The  method  of  operating  the  present  form  of 
molybdenum  furnace  in  making  a  softening-temperature  determina- 
tion is  essentially  the  same  as  described  therein. 

Similar  results  were  obtained  on  repeating  in  this  furnace  soften- 
ing-point determinations  of  a  number  of  ashes  that  had  been  tested 
previously  in  the  silica-tube  furnace,  shown  in  figure  17  (p.  51). 

This  furnace  when  operated  as  described  above  gave  softening 
temperatures  that  were  usually  duplicated  within  the  known  errors 
of  observation  (about  25°  C. ) .  The  fused  cones  from  coal  ash  contain- 
ing less  than  50  per  cent  ferric  oxide  did  not  show  any  material  de- 
gree of  magnetism  in  the  field  of  a  strong  electromagnet,  indicating 

*Fieldner,  A.  C,  and  Feild,  A.  L.,  A  new  method  and  furnace  for  the  determination 
of  the  softening  temperature  of  coal  ash  under  fuel-bed  conditions :  Jour.  Ind.  and  En^. 
Chem.,  vol.  7,  1915,  p.  829. 


VERTICAL  AND  HORIZONTAL  PLACING  OF  CONES.  79 

a  reduction  of  the  iron  present  in  the  ash  to  the  ferrous  state,  but  not 
to  metallic  iron.  This  condition  corresponds  to  the  minimum  soften- 
ing temperature,  for  the  determination  of  which  the  furnace  was  de* 
signed.  Most  of  the  determinations  in  hydrogen  and  water  vapor 
given  in  Table  13  were  determined  in  this  furnace,  and  it  was  given 
a  thorough  trial  in  routine  work  and  in  continuing  the  study  of 
factors  affecting  the  minimum  softening  temperature  in  atmospheres 
of  hydrogen  and  water  vapor. 

EXPESIMENTS  WITH  YEBTICAL  AND  HOBIZONTAL  FLACIHG  OF 
CONES  IN  DETEBHINATION  OF  SOFTENING  TEHFEKATTTBE. 

Eicketts,®  of  the  New  York  Edison  Co.,  has  modified  the  usual 
Seger-cone  method  of  ash-fusing  determinations  by  placing  the  cone 
in  a  horizontal  position.  Marks  alsa  prefers  this  method  as  being 
more  sensitive  and  as  giving  indications  which  can  be  duplicated 
more  accurately  than  the  usual  vertical  method.^  His  objection  to 
the  vertical  position  was  based  on  the  seeming  separation  of  a  more 
fusible  and  very  fluid  constituent  in  certain  ashes,  which  ran  down- 
ward to  the  base  of  the  cone  and  left  the  apex  seemingly  unchanged 
in  a  vertical  or  slightly  inclined  position  until  at  a  liigher  tempera- 
ture the  apex  also  melted. 

On  the  other  hand,  Palmenberg^  states  that  "this  difficulty  does 
not  seem  to  present  itself  when  the  cones  are  made  long  and  thin,  at 
least  not  to  the  extent  of  interfering  with  the  tests.  If  the  ash  is  thor- 
oughly ground  and  mixed,  a  complete  fusion  of  the  whole  mass 
should  take  place," 

A  large  number  of  determinations  made  with  vertical  cones  in  the 
Bureau  of  Mines  laboratory  did  not  show  any  separation  of  a  fluid 
constituent  when  the  determination  was  made  in  a  mixture  of  equal 
parts  of  hydrogen  and  water  vapor  or  a  similar  mixture  of  CO  and 
COj,  nor  has  there  been  any  such  separation  of  a  low-melting  slag 
in  any  coal  ash  containing  less  than  50  per  cent  ferric  oxide  when 
the  determination  has  been  made  in  the  purely  oxidizing  atmosphere 
of  a  platinum- wire  resistance  furnace.  However,  in  some  coal  ashes, 
as  fused  in  several  types  of  carbon  and  graphite  resistance  furnaces 
containing  a  strongly  reducing  atmosphere  of  carbon  monoxide  and 

•Blcketts,  B.  B.,  DiscnsBlon  of  L.  8.  Marks's  paper  on  "The  cUnkerins  of  coal": 
Jour.  Am.  Soc  Mecta.  Bug.,  toL  87,  1915,  p.  218;  Trans.  Am.  Soc.  Mech.  Bng.,  toI.  80, 

1914,  pp.  880-888. 

*MarkB,  L.  S.,  The  cllnkering  of  coal:  Trans.  Am.  Soc.  Mech.  Bng.,  vol.  86,  1914, 
pp.  806-807 ;  Jour.  Am.  Soc.  Mech.  Eng..  vol.  87,  1915,  p.  206. 

'  Palmenberg,  O.  W.,  Discussion  of  paper  on  "  Cllnkering  of  coal,"  by  L.  S.  Marks : 
Trans.  Am.  Soc  Mech.  Bng.,  toI.  86,  1914,  p.  825 ;  Jour.  Am.  Soc.  Mech.  Eng.,  toI.  87, 

1915,  pp.  211-212. 
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nitrogen,  certain  phenomena  observed  were  in  general  similar  to  the 
observations  of  Marks.  These  cones,  as  shown  in  Plate  I,  C  (p.  42), 
did  not  deform  in  the  usual  manner.  The  upper  part  of  the  skeleton 
of  a  fused  cone  contained  a  considerable  quantity  of  metallic  iron  and 
consisted  simply  of  the  unchanged  original  apex  of  the  cone.  The 
thickened  lower  part  was  a  thin-shelled  bubble  of  fused  slag.  Hence 
the  authors  consider  that  this  phenomenon  was  not  due  to  a  s^ara- 
tion  of  fusible  constituents,  but  merely  to  an  earlier  fusion  of  the 
thick  part  of  the  cone.  The  thin  part  was  rendered  less  fusible 
more  rapidly  than  the  thick  part  by  reduction  of  iron  oxide  to  the 
metallic  iron. 

Although  the  objection  cited  by  Marks  to  the  use  of  the  vertical 
position  does  not  apply  to  softening-temperature  determinations 
made  in  an  oxidizing  atmosphere  nor  in  a  mixture  of  equal  parts  of 
hydrogen  and  water  vapor  or  of  carbon  monoxide  and  carbon  diox- 
ide, a  number  of  fusibility  determinations  with  cones  placed  horizon- 
tally have  been  made  to  d^ermine  whether  horizontal  placing  in 
itself  possessed  any  features  that  would  make  such  placing  pref- 
erable in  routine  testing  to  the  usual  vertical  placing.  The  effect  of 
inclination  of  the  ash  cone  on  the  softening  temperature  has  been 
shown  previously  for  three  different  degrees  of  inclination,  viz,  25*^, 
35°,  and  46°  from  the  vertical.  Although  the  effect  of  the  25° 
inclination  was  negligible,  the  35°  and  45°  inclinations  gave  average 
softening  points  about  20°  lower  than  those  obtained  with  cones  in 
the  vertical  position.  Undoubtedly  the  horizontally  mounted  cone 
should  give  still  lower  values.  Marks «  made  a  series  of  tests  with 
cones  placed  horizontally  and  vertically  in  a  Meker  furnace  having 
an  oxidizing  atmosphere.  He  found  that  the  deformation  tempera- 
ture of  a  horizontal  cone  was  always  lower  than  of  a  vertical  cone. 
The  difference  varied  from  5°  to  50°  C.  and  was  less  for  the  more 
fluid  melts.  In  making  the  tests  with  the  cones  in  the  horizontal 
position  he  took  as  the  "  down  point "  the  temperature  at  which  the 
tip  of  the  cone  pointed  vertically  downward. 

METHOD  OF  CONBTTCTING  EZPEBIMENTS. 

Tests  with  cones  in  both  the  horizontal  and  the  vertical  position 
were  made  in  the  new  type  molybdenum  furnace  with  an  atmosphere 
containing  equal  parts  of  hydrogen  and  water  vapor.  The  cones 
were  three-sixteenths  of  an  inch  wide  at  the  base  by  1  inch  high,  and 
were  heated  at  the  usual  rate  of  5°  and  2°  C.  per  minute. 

•Marks,  \j.  S.,  The  cllnkering  of  coal:  Trans.  Am.  Soc  Mech.  Bng.,  voL  8<l,  1A14, 
p.  810 ;  Jour.  Am.  Soc.  Mech.  Bng.,  toL  87,  1915,  p.  20e. 
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In  tests  with  the  cone  in  the  horizontal  position  the  cone  was 
placed  at  right  angles  to  the  axis  of  the  furnace,  a  position  favoring 
easy  observation  of  the  softening  process.  The  cone  was  supported 
by  placing  its  base  in  a  notch  cut  in  the  wall  of  an  alundum  capsule, 
which  fitted  snugly  within  the  larger  capsule  used  in  the  tests  in 
which  the  cone  was  placed  vertically.  The  small  inner  capsule  was 
sliced  longitudinally  slightly  above  its  axis,  and  the  upper  ^^half  was 
removed.  Thus,  the  cone  could  be  placed  in  position  in  the  notch  and 
secured  by  a  fillet  of  the  usual  infusible  mixture  of  kaolin  and 
alumina.  After  the  cone  had  dried,  the  capsule  could  be  placed 
within  the  larger  capsule  without  disturbing  the  mounted  cone. 

It  was  found  just  as  difficult  to  define  the  down  points  of  hori- 
zontal cones  as  to  fix  those  of  vertical  cones.  Some  of  the  ash  cones 
formed  globules  at  the  tips  and  shortened  considerably  in  length 
before  the  axes  bent  appreciably;  the  tips  of  others  bent  vertically 
for  only  a  short  distance  toward  the  bases;  in  a  third  type,  the  tip 
of  the  cone  did  not  become  vertical  until  the  larger  part  of  the  cone 
axis  was  vertical  or  nearly  vertical.  In  this  work,  therefore,  the 
"^  down  point "  or  softening  point  of  cones  placed  horizontally  is  de- 
fined as  the  temperature  at  which  a  vertical  line  may  be  drawn 
through  the  tip  of  the  cone  or  the  center  of  the  globule  formed  at  the 
top,  and  a  point  on  the  axis  of  the  cone  midway  between  the  tip  and 
the  base.  Likewise  a  45^  deformation  for  horizontal  cones  is  reached 
when  a  similar  line  makes  an  angle  of  45^  with  the  vertical. 

The  "softening  point"  or  "down  point "  for  vertical  cones  is  the 
temperature  at  which  the  tip  of  the  bent  cone  touches  the  base,  or, 
if  it  fails  to  bend,  the  temperature  at  which  the  cone  settles  into  a 
more  or  less  spherical  liunp,  which  may  or  may  not  have  swelled. 

BESULTS  07  EZPEBIMENTS. 

The  results  of  softening-temperature  determinations  of  seven  syn- 
thetic mixtures  and  eight  coal  ashes  with  cones  placed  both  ver- 
tically and  horizontally  are  given  in  Table  16.  The  synthetic  mix- 
tures were  made  from  pure  North  Carolina  kaolin,  ferric  oxide,  and 
calcium  carbonate.  The  analyses  of  the  mixtures  and  the  ash 
samples  are  given  in  Table  16. 
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Table  15. — Results  of  softening-temperature  tests,  showing  relative  effects  of 

vertical  and  horizontal  placing  of  cones. 

[Values  in  centigrade  degrees.] 


Sample  No. 


MIO.. 
M23.. 
M33.. 
M20.. 
M19.. 
M4... 

m:28.. 

20913. 
19472. 

20914. 

16584. 
20915. 
15842. 
19160. 
20233. 


Average. 


Ck>ne8  placed  vertically. 


Tem- 
pera- 
ture of 
initial 
defor- 
mation. 


1,183 
1,103 
1,063 
1,204 
1,401 
1,431 
1,340 

1,164 
1,153 

1,080 

1,291 
1,057 
1,350 
t,504 
1,320 


Down 
point 


1,209 
1,105 
1,086 
1,403 
1,408 
1,431 
1,426 

1,202 
1,204 

1,116 

1,351 
1,099 
1,409 
1,551 
1,378 


Soften- 
ing in- 
tervaL 


Cones  placed  horizon- 
taUy. 


Tem- 
pera- 
ture of 
Initial 
defor- 
mation. 


26 
2 

23 

199 

7 

0 

86 

38 
51 

36 

60 
42 
59 
47 
58 


49 


1,135 
1,072 
1,053 
1,191 
1,216 
1,421 
1,242 
1,113 
1,080 
1,113 
1,113 
1,051 
1,058 
1,177 
1,044 
1,146 
1,482 
1,127 


Down 
point. 


1,170 


1 

1 

1 

al 

al 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

al 

al 


13 
063 
204 
394 
428 
340 
177 
191 
158 
165 
113 
096 
212 
063 
291 
651 
362 


Soften- 
ing in- 
terval. 


35 
41 
10 
15 

178 
7 

08 
64 

102 
45 
52 
62 
38 
35 
19 

146 
69 

235 


70 


DUTerence. 


Tem- 
pera- 
ture of 
initial 
defor- 
mation. 


48 
31 
10 
13 
185 
10 
98 

63 
40 

25 

114 
13 

205 
22 

193 


71 


Down 
point. 


39 
-8 

23 
199 

14 
3 

86 

18 
42 

11 

139 

36 

118 

0 

16 


49 


Soften- 
ing in- 
terval 


-  9 

-  38 
13 

184 
-171 

-  I 

-  12 

-  45 


-  14 

25 
23 

-  87 

-  22 

-  17 


-22 


a  Cone  did  not  bend  vertically  downward,  but  simply  shortened  up  to  a  globule  in  the  same  manner 
as  did  cones  mounted  vertically. 

Temperatnrei  at  Which  SweUlnr  of  Oonea  Became  Notioeahla. 


Sample  No. 

Cone  placed 
vertically. 

Cone  placed 
horizontally. 

M33 

20913 

19472 

16584 

20915 

1,063 
1,164 
1,153 
1,291 
1,057 

1,058 
1,130 
1,165 
1,191 
1,055 

Table  16. — Results  of  analyses  of  coal  ashes  and  synthetic  mixtures  tested  \ciih 
the  cones  used  in  the  vertical  and  in  the  horizontal  position. 


Sample  No. 

SiO,. 

AbO,. 

FejO^ 

TiO,. 

CaO. 

MgO. 

Na«0. 

KiO. 

SOs. 

Total 

MIO 

P.ct. 
32.6 
32.0 
38.1 
38.3 
45.6 
53.3 
43.3 
38.4 
35.7 
64.8 
12.3 
65.8 
64.2 
47.3 

P.ct. 
27.9 
27.4 
2L4 
32.9 
39.1 
29.9 
31.4 
24.2 
23.5 
29.2 
12.2 
33.5 
33.0 
34.6 

P.ct. 

32.7 

40.7 

3.'!.  6 

28.8 

5.9 

9.7 

13.6 

22.4 

32.9 

6.9 

69.7 

5.0 

7.4 

9.8 

P.ct. 

*  "i.'3* 
'"'i.'s' 

1.2 
LI 
1.2 
L8 
.4 
.9 

'"'i.'s' 

P.ct. 

6.9 

.03 

.7 

.04 

9.6 

.9 

4.2 

7.7 

3.2 

L4 

3.9 

L5 

1.1 

1.3 

P.ct. 

0.04 
.04 
.7 
.06 
.1 
.9 

L4 
.9 

LI 
.6 
.7 
.7 
.5 
.4 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

loai 

M23 

100.2 

M33 

0.5 

2.1 

a3 

100.6 

M19 

100.1 

M4 

ioa3 

M28 

.6 

.6 

.3 

.3 

L9 

.3 

.5 

LO 

2.1 

2.9 
2.9 
L9 
1.1 
2.1 
.6 
2.2 
LO 
2.5 

.4 

L4 

3.8 

.5 

LO 

.2 

.1 

.9 

.1 

100.4 

20913 

100.0 

19472 

1O0l7 

20914 

99.5 

16584 

99l7 

20915 

loas 

16842 

ioa2 

19160 

lO&O 

20233.. 

99.9 

VEBTICAL  AND  HORIZONTAL  PLACING   OP  CONES. 
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As  would  be  expected,  the  cones,  placed  horizontally,  had  lower  sof- 
tening points  than  those  placed  vertically,  the  differences,  varying 
with  the  viscosities  of  the  melting  eutectics,  being  0*^  to  nearly  200^  C. 
The  average  difference  for  the  15  samples  tested  was  49**  C.  Owing  to 
the  greater  force  acting  on  the  cross  section  of  a  cone  placed  hor- 
izontally, it  begins  bending  at  a  comparatively  early  stage  of  the  melt- 


1136*     1146*   lUBS*   1170*S   1209 


Sample  No.  MIO 


1183*    1196*  1219*5 


F^  hh  h  h  h 


1072* 


1078*      1086*       1113*S      ^120"     112r 


1 


1102*    1106*S 


Sample  No.  M23 


1063*  1068*      1063*S 


^ 


>■     ■  i 


F^ 


1063*  1066*  1075'        1086*S 

Sample  No,  M33 

fi)  I?  F)  (^  f 


1191*   1204*S''   1229*    1240*   1301*  1851*   136?  1398* 


1204*  1216*   1229*  1264* 
Sample  No.  M20 


1216*      1340*    1351*   1362*  1383*   1394* 


1394*  1404* 


1340* 


1351 


1408*  1409*  1410*S 

Sample  No.  M19 

I^iouRB  28. — Appearance  of  vertical  and  horizontal  ash  cones  at  various  stages  of  soften- 
ing—samplen  MIO,  M19,  M20,  M23,  and  M33. 

ing  process,  so  that  the  softening  interval  is  usually  somewhat  longer 
than  that  of  a  cone  placed  vertically. 

Figures  28«  29,  and  30  show  the  appearance  of  the  horizontal  and 
the  vertical  cones  at  various  stages  of  softening. 

Some  of  these  samples,  as  M23,  M33,  M4,  20914,  19160,  and  20915, 
showed  for  either  position  final  deformation  points  that  were  not  far 
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apart  on  the  temperature  scale,  whereas  other  samples,  as  M20, 1584:2, 
and  16584,  reached  the  so-called  "  down  point "  for  the  horizontal 
position  at  a  temperature  of  100°  to  200°  C.  below  the  "  down  point " 
for  the  vertical  position.    In  particular,  the  horizontally  placed  cone 

i^*  1428-S      // 

1431*_1431*    143rS 
Sample  No.  M4 


1242"    ISie*     13^*S  1351:  1368-   1398* 


C>L 


1340"     1362*      1372*    1394*   1404*    1426*S 
Sample  No.  M28 

10®*  1071*        1086*  .  V        (/ 

*^^  ^^'*  '^      1006*S    1108* 

1080"  iiie*sr 

Sample  No.  20914 

t^  N-h  1^  1^  ^  H) 

Initial        .1089*      1130*         1163*         1166*         ii9rs      nSS* 

11  1  i  1^-^^ 

Initial     1089*  1130*  1163*  1169*     1109*   1191*     1202*S: 

Sample  No.  20913 

Initial       1113*      1141*       1163*     1165*S    UTT       1191*     1202** 

111^"^^      <Q, 

Initial;      1113*i     lUl'l        1168-i      1166*      UTT  1204*S 

Sample  No.  19472 

FiouRB  29. — Appearance  of  vertical  and  horizontal  ash  cones  at  various  stages  of  softfo- 

ing— samples  M4,  M28,  19472,  20913,  and  20914. 

from  sample  16584  reached  the  "down  point"  before  any  visible 
deformation  took  place  in  the  cone  placed  vertically. 

This  difference  in  behavior  illustrates  the  extremely  variable  diar- 
acter  of  the  fusion  process  in  coal  ashes.  The  sudden  formation  of  a 
relatively  large  proportion  of  fluid  eutectic  would  cause  the  cone  to 
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deform  rapidly  in  either  position  and  at  similar  temperatures.  Sam- 
ple M4  is  an  especially  good  example  of  such  a  mixture.  The  soften- 
ing inter^'^al  in  either  position  was  not  over  7®  C,  and  the  down 
point  for  either  position  was  practically  the  same. 

IITT  1184'        1191'       mrS         A      T\         /-v 

1291*    1M4*       1861*8- 
SMBpte  No.  16684 


•=^  ^  ^i)  "0^ 


lOU*  1065*  1063-S         1066* 

i06r     1066*     loors 

Snqile  No.  adeiS 
.112r  1166*  1266*        1389*        1662*8 


11^ 


1320*     1332:     1356*   1876* 
Sample  No.  20288 


Initial      IITT      1202*     1228*    12B2*    129l*S  1806* 

JnitMd  UTT    1202*     1228*  1262*    1291*      laOT    1860"  1378*  1894*  1409*8 

Sunpfe  No.  15842 

initial         1482*         1504*       1514*.  1585*       1551*8 

ii  1  1  21 

Initial       1482*         1504*  1514*         1585*        1551*8 

Sample  No.  19160 

FiousB  30. — Appearance  of  Tertical  and  horizontal  ash  cones  at  various  stages  of  soften« 

Ing— samples  16842,  16584,  19160,  20283,  and  20915. 

Sample  Ml  9  represents  another  type  of  fusion  characterized  by  cer- 
tain peculiar  relations  between  surface  tension  and  viscosity.  The 
cone,  whether  in  the  horizontal  or  the  vertical  position,  fused  to  a 
nearly  spherical  globule  without  bending  in  the  usual  manner. 

It  is  evident  that  no  fixed  difference  can  be  assigned  between  results 
obtained  by  vertical  mounting  of  the  cones  as  compared  with  hori- 
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zontal  mounting,  nor  is  there  any  apparent  advantage  as  regards 
closeness  of  duplication  inherent  in  either  method.  The  principal 
difference  is  that  the  down  point  of  a  vertical  cone  indicates  a  tem- 
perature at  which  the  melting  ash  has  reached  a  greater  degree  of 
fluidity  than  that  indicated  by  the  deformation  point  of  a  horizontal 
cone.  This  is  undoubtedly  a  point  in  favor  of  the  vertically  mounted 
cone,  as,  according  to  furnace  data  thus  far  accumulated,  clinker  does 
not  cause  serious  trouble  unless  it  becomes  sufficientlv  fluid  to  flow 
in  the  fuel  bed. 

EFFECT  OF  DEXTEDT  BDmEB  OB  BESIDTTAL  CABBON  QV  80F- 
TEinNG  TEHFEBATTTBE  OF  ASH,  AND  ITS  BELATIOH  TO  IHTir- 
HESCEirCE  OF  SOFTENING  CONE. 

SWELLIKO  OF  MELTING  ASH  CONES. 

Attention  has  been  called  to  the  pronounced  vesicular  structure  of 
ash  cones  fused  in  a  hydrogen  atmosphere.  A  similar  decided  "  bleb  " 
structure,  accompanied  in  many  instances  by  considerable  intumes- 
cence,  has  been  noted  in  the  majority  of  ash  samples  that  were  fused 
in  mixtures  of  hydrogen  and  water  vapor.  Indeed,  some  degree  of 
swelling  of  the  softening  cone  is  characteristic  of  fusions  made  in 
any  atmosphere  containing  material  proportions  of  hydrogen. 
Swelling  and  intumescence,  but  to  a  distinctly  less  degree,  occur  also 
in  atmospheres  containing  carbon  monoxide.  In  atmospheres  of  air, 
water  vapor,  or  carbon  monoxide  intumescence  occurs  rarely.  It 
appears,  then,  that  intumescence  occurs  most  generally  under  condi- 
tions favoring  the  reduction  of  the  original  ferric  oxide  of  the  coal 
ash. 

As  other  possible  causes  of  swelling  there  may  be  considered:  (1) 
Presence  of  substances  that  develop  an  appreciable  vapor  pressure 
at  the  melting  temperature;  (2)  decomposition  of  sulphates, 
sulphides,  and  carbonates;  and  (3)  oxidation  of  unbumed  particles 
of  coke  in  the  interior  of  the  cone.  Cause  3  especially  should  re- 
ceive careful  consideration,  as  even  after  prolonged  heating  in  a 
mufile  at  750®  C.  coal  ash  sometimes  contains  minute  particles  of  coke, 
which  are  visible  under  the  microscope.  Unbumed  dextrin  or  other 
organic  binding  materials  may  also  under  certain  conditions  cause 
the  melting  cone  to  swell. 

EZFEBIMENTS  TO  DETERMINE  EFFECT  OF  trNBtJBNEI)  CABBON 

IN  ASH  ON  SOFTENING  OF  CONE. 

In  order  to  determine  the  effect  of  carbonaceous  binder  and  un- 
bumed carbon  on  the  fusion  of  cones,  several  samples  of  various 
types  of  ash  were  reground  to  a  fine  powder  and  reheated  five  or  six 
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hours  in  an  electric  muffle  at  approximately  800®  C.  When,  after 
this  treatment,  the  ash  still  showed  possible  traces  of  coke,  it  was 
again  ground  in  the  mortar  and  heated  for  several  hours  in  a  Meker 
muffle  furnace  at  a  temperature  of  900°  to  1,000°  C.,'  until  microscopic 
examination  showed  complete  absence  of  all  traces  of  coke.  Some  of 
these  ashes  were  slightly  "  fritted "  at  this  temperature  so  that  re- 
pulverizatiori  was  necessary  before  molding  the  cones.  The  results  of 
analyses  of  these  samples  are  presented  in  Table  17  following: 

Table  17. — Results  of  analyses  of  coal  ashes  used  in  experiments  to  determine 
influence  of  carhon  on  the  softening  temperature  and  the  intumescence  of 
ash  cones. 


Sample  No. 

SiOa. 

AhOz.a 

FciO,. 

TiOf. 

CaO. 

MgO. 

NatO. 

K,0. 

SOs. 

SS 

P.et. 
31.0 
42.1 
54.1 
54.8 
58.9 
62.2 
54.1 

P.ct. 
22.7 
32.7 
24.8 
27.0 
27.8 
33.4 
34.7 

P.ct. 
42.8 
19.3 
9.4 
7.0 
9.3 
7.9 
4.5 

P.ct. 

P.ct. 
2.1 
2.5 
4.0 
4.3 
1.6 
1.9 
1.2 

P.ct. 

0.5 

.6 

1.4 

1.7 

1.1 

.6 

.9 

P.ct. 

1.0 

.3 

1.1 

1.5 

.6 

P.ct. 

i.*3" 

.8 
3.1 
1.3 
1.4 
2.5 

P.ct. 
0.6 

101 

1.1 

15 

2.3 
1.3 

2.8 

9 

.6 

102 

.9 

103 

.9 

7 

1.5 

.2 

a  Includes  PsOs  uid  TiOt  where  not  separately  determined. 

Seven  samples  prepared  in  this  way  were  made  into  three  series  of 
cones,  as  follows:  The  cones  in  series  1  were  molded  with  distilled 
water  only,  so  that  no  carbonaceous  matter  could  be  present;  the 
cones  in  series  2  were  molded  in  the  usual  manner  with  a  10  per  cent 
dextrin  solution ;  the  cones  were  placed  in  the  furnace  without  previ- 
ous burning  of  the  dextrin ;  the  cones  in  series  3  were  molded  with  10 
per  cent  dextrin  solution,  after  an  amount  of  sugar  carbon  equal  to 
10  per  cent  of  the  mixture  had  been  added  to  the  ash ;  these  cones 
were  also  placed  directly  in  the  furnace  without  any  previous  igni- 
tion. 

One  series  of  softening-temperature  tests  was  made  in  an  atmos- 
phere of  equal  parts  of  hydrogen  and  water  vapor,  in  the  furnace 
shown  in  Plate  IV,  A  (p.  74) ;  another  series  of  tests  covering  ashes 
that  softened  under  1,400^  C.  was  made  in  an  atmosphere  containing 
equal  parts  of  CO  and  COg,  in  the  furnace  shown  in  Plate  II  (p.  46). 
The  softening  temperatures  and  the  degree  of  intumescence  observed 
are  given  in  Table  18  following. 
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Table  lS.—Be8fats  of  teats  to  determine  influence  of  carbon  on  the  toftenikiQ 

temperature  and  on  the  intumescence  of  ash  cones. 

Rate  of  temperature  increase  6*  C.  per  minute  until  initial  softening  of  cons;  then  2*  C.  per  minate  mitfl 

cone  melted.] 

ATMOSPBERE  OF  EQUAL  PARTS  OF  HYDROGEN  AND  WATER  VAPOR. 


Softening  temperature. 

Dtfferanoee. 

Degree  of  IntonMsoenee. 

Lab.  No. 

Series  l-> 

cone 
molded 

with 
distilled 

water 

only 

Series  2- 

cone 
molded 
with  10 
percent 
dextrin 
solution. 

Series  »- 
ash  con- 

Between 

results  of 

series  1 

and  2. 

Between 

results  of 

seriesl 

and  8. 

Seriesl— 

distilled 

water 

only. 

8flriMd« 

lOperoant 

dej^rin 

Bolatioo. 

SefleB3- 

percent 

sugar 

carbon 

and 
dextrin. 

lOperceot 

sngtf  etf 

boa  and 

dextrin. 

23666 

19169 

16585 

15848 

19156 

19161 

16816 

•a 

1,060 

1,146 

1,278 

1,826 

1,345. 

1600< 

1,600 

•  a 

1,072 
1,182 
1,291 
1,328 
1,351 
1,600 
1,606 

•  a 

1,060 
1,177 
1,264 
1,326 
1,384 
1,512 
1,606 

•c. 

-  8 
+36 
+13 
+  8 
+  6 
0 
+  6 

•  a 

-20 
+31 
-24 
+  1 
+39 
+12 
-  4 

Harked.... 

•  •  •  .  •UO.sa*.  • 

sught 

Moderate... 
Slight 

An 

...  .aQO.*.*.  . 

Harked.... 

«  •  •  •  •Uw«»*«  •  • 

BHght.:.... 
Moderate... 
SH^ 

do. 

Marked. 

Da 
SBgbt. 
Moderate. 

Da 
SHglit. 

Average- 

+  8 

+  6 

ATMOSPHERE  OF  EQUAL  PARTS  OF  CO  AND  COt. 
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i9i5o!!!I!!:! 

16686 

15848 

i,on 

1,360 
1,301 
1,340 

1,077 
1,360 
1,293 
1,345 

1,066 
1,820 
1,379 
1,330 

0 

0 

-  9 

+  6 

+  8 
-30 
-22 
-30 

None 

«  •  •  •  aQO*  •  •  •  «  • 
•  •  •  •  sUlO*  •  •  •  •  • 

Slight 

None 

...  ..uO.....  • 
...  ..uO.....  • 

Moderato... 

Verri^^ht. 

Average. 

-  1 

-16 

It  may  be  concluded  from  the  results  of  the  tests  that  the  puflSng 
or  intumescence  is  not  due  primarily  to  the  presence  of  unbumed  coke 
or  carbon  particles  in  the  coal  ash.  At  the  rate  of  heat  increase  used 
in  the  experiments,  namely,  5^  C.  per  minute,  small  amounts  of  car- 
bon are  probably  removed  from  the  system  by  reacting  with  the  gase- 
ous atmosphere  before  the  sintering  temperature  is  reached.  In  an 
atmosphere  containing  oxygen,  50  per  cent  water  vapor,  w  60  per 
cent  carbon  dioxide,  the  solid  carbon  will  be  removed  as  carbon 
monoxide  at  temperatures  below  1,000°  C,  provided  the  rate  of  heat- 
ing is  not  too  rapid.  This  conclusion  is  also  corroborated  by  the 
experiments  of  Marks  and  those  of  Palmenberg.  Marks*  has  diown 
that  ash  cones  molded  with  10  per  cent  dextrin  solution  softened  in  the 
oxidizing  atmosphere  of  a  Meker  furnace  at  practically  the  same  tem- 
perature as  similar  cones  molded  with  distilled  water  only.  The  rate 
of  heat  increase  was  2°  C.  per  minute. 

Palmenberg,^  who  also  used  a  Meker  furnace,  found  that  as  much 
as  10  per  cent  carbon  had  no  appreciable  effect  on  the  softening  tern- 

•Marks,  L.  B.,  The  cUnkerlng  of  coal:  Trans.  Am.  Soc.  Mech.  Bn^.,  toL  86,  1914, 
p.  810. 

b  Palmenberg,  O.  W.,  Dlscusaion  of  Mark8*8  paper,  The  cUnkering  of  coal:  Trans. 
Am.  Soc  Mech,  £ng.,  vol.  86,  1914,  p.  824. 
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perature.  A  few  investigators  have  reported  that  traces  of  carbon 
left  in  the  ash  or  the  presence  of  an  unoxidized  organic  binder  caused 
intumescence  and  abnormal  deformation  points.  However,  an  analy- 
sis of  their  methods  of  making  softening-point  determinations  has 
shown  that  they  invariably  heated  the  cone  rapidly — 40°  to  70**  C. 
per  minute.  Under  these  conditions  it  is  quite  possible  that  carbon 
was  not  removed  by  the  surrounding  gases  before  the  softening  tem- 
perature was  reached. 

MOLYBDENTTM  FTJBITACE  AS  STANDABD  FTTBNACE  FOR 

FUSION  TESTS. 

The  molybdenum  furnace  was  used  for  a  period  of  one  year  in 
routine  and  in  special  softening-temperature  determinations  of  coal 
ash,  clays,  and  similar  materials,  thus  affording  an  excellent  oppor- 
tunity to  pass  judgment  on'  its  practical  usefulness  as  a  standard  type 
of  furnace  for  determining  the  fusibility  of  coal  ash.  Any  standard 
method  for  the  determination  of  the  fusibility  of  coal  ash  should 
answer  the  following  requirements : 

(1)  The  atmosphere  should  reduce  the  iron  component  of  the  ash 
to  the  ferrous  state  in  which  it  can  exert  its  maximum  j9uxing  action. 

(2)  The  method  should  give  consistent  and  reproducable  results 
when  used  by  different  chemists. 

(3)  The  method  should  be  simple  and  rapid. 

(4)  The  furnace  should  be  comparatively  cheap  and  easily  op- 
erated and  repaired  with  the  means  available  in  the  ordinary  com- 
mercial laboratory. 

If  these  criteria  be  applied  to  the  molybdenum  furnace  with  an 
atmosphere  of  hydrogen  and  water  vapor  as  tried  for  a  year  in  the 
Bureau  of  Mines  laboratory,  the  method  may  be  said  to  meet  require- 
ments 1  and  2,  but  to  fail  with  respect  to  requirements  3  and  4. 

In  recent  years  the  price  of  molybdenum  wire  has  advanced  mate- 
rially so  that  the  cost  of  renewing  heating  elements  is  a  serious  item. 
With  temperatures  up  to  1,450°  C.  the  element  is  fairly  durable,  but 
if  the  furnace  is  frequently  heated  to  higher  temperatures,  as  1,600° 
C,  oxidation  by  the  water  vapor  causes  the  molybdenum  wire  to 
waste  away  and  eventually  burn  out. 

The  replacement  of  such  units,  although  comparatively  unimpor- 
tant in  a  laboratory  equipped  for  renewing  electric  furnaces,  is  a 
more  serious  matter  to  the  busy  commercial  laboratory.  Such  labora- 
tories do  not  have  the  time  nor  the  means  to  make  the  various  elec- 
trical repairs  and  adjustments  required  in  the  somewhat  complicated 
electrical  system  of  the  molybdenum  furnace  and  satuator. 
.  A  simple  form  of  gas  furnace  would  be  cheaper  and  more  easily 
repaired ;  it  could  also  be  adapted  to  making  a  number  of  determina- 
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tions  simultaneously.  Hence  the  possibilities  of  the  gas-heated  fur- 
nace were  studied  to  determine  whether  the  combustion  could  be  so 
controlled  as  to  produce  an  atmosphere  of  approximately  constant 
composition  and  of  the  proper  reducing  character. 

FUSIBHITT  OF  COAL  ASH  AS  DETEBMIHED  IN  GAS  FTTBNACE. 

THEOBETICAL  CONSIDEBATIONS. 

As  mentioned  previously,  exceedingly  variable  results  for  softening 
temperature  have  been  obtained  in  tests  made  in  muffle  furnaces. 
These  variations  were  due  to  the  variable  amounts  of  gas  and  prod- 
ucts of  combustion  that  penetrated  the  muffle  and  reacted  with  the 
coal  ash.  Now,  if  a  furnace  be  constructed  with  a  very  porous  mufflo 
or  one  with  suitable  openings  so  that  the  combustion  gases  have  ireo 
access  to  the  cones,  it  should  be  possible  to  subject  the  cones  to  a 
reducing  atmosphere  merely  by  operating  the  furnace  with  a  defi- 
cient air  supply.  The  proportion  of  reducing  gases  in  the  furnace 
atmosphere  could  thus  be  increased  to  a  certain  maximum  limit  at 
which  combustion  slows  down  to  a  rate  at  which  the  desired  tempera- 
ture can  not  be  attained.  If  this  maximum  amount  of  reducing  gas 
iloes  not  reduce  the  iron  constituents  of  the  ash  to  metallic  iron,  the 
most  desirable  method  of  operating  the  gas  furnace  becomes  simple, 
namely,  using  the  lowest  possible  proportion  of  air  in  the  mixture 
that  will  sustain  the  required  intensity  of  combustion. 

In  the  experiments  described  subsequently  no  more  than  traces  of 
metallic  iron  were  ever  found  under  maximum  reducing  conditions. 

DESCRIPTION  OF  FURNACE. 

An  investigation  of  the  various  gas  furnaces  on  the  market  led  to 
the  selection  of  the  No.  3  melter's  furnace  (PI.  IV,  By  p.  74)  of  the 
American  Gas  Furnace  Co.  Ricketts^*  has  used  this  furnace  for  a 
number  of  years  for  determining  ash-softening  temperatures  in  the 
laboratory  of  the  New  York  Edison  Co.  This  type  of  pot  furnace  is 
especially  suitable  for  fusion  determinations  in  that  the  burners,  three 
in  number,  are  on  a  tangent  near  the  base  of  the  furnace,  thus  pro- 
ducing a  rotary  flame  which  completely  surrounds  the  crucible  in 
which  the  cones  are  placed.  The  whirling  flame  heats  the  crucible 
uniformly  and  when  the  furnace  is  operated  with  excess  gas  supply, 
a  reducing  atmosphere  is  maintained  within  the  crucible. 

The  furnace  proper  consists  of  three  easily  replaceable  fire-clay 
parts,  namely,   a  lower  cylinder  containing  the  three  tangential 

"  Ricketts,  B.  B.,  Discussion  of  paper  by  L.  Marks,  The  cUnkerlng  of  coal :  Trans.  Am. 
Soc  Mech.  Bust.,  toI.  36,  1914,  pp.  801-833. 
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tuyeres,  and  forming  the  bottom  of  the  furnace,  a  removable  upper 
cylinder  7  inches  in  internal  diameter  and  7  inches  high,  and  a  cover 
plate  1^  inches  thick,  having  a  vent  hole  in  the  center  for  the  flue  gas. 

The  manufacturers  were  asked  to  modify  the  stock  design  by 
furnishing  the  upper  cylinder  with  two  holes  in  the  side — ^a  2-inch 
observation  hole  with  its  center  4  inches  from  the  top  of  the  cylinder 
(excluding  cover  plate),  and  a  f-inch  thermocouple  hole  90^  to  the 
right  of  the  observation  hole ;  the  bottoms  of  these  two  holes  are  in 
the  same  horizontal  plane.  The  interior  of  the  furnace  is  cylindrical 
and  approximately  7  inches  in  diameter  and  11  inches  high.  A 
counterbalanced  sheet-iron  canopy  24  inches  in  diameter  was  con- 
nects with  a  telescopic  8- 
inch  flue  to  an  exhaust  sys- 
tem to  conduct  the  hot 
gases  out  of  the  room.  The 
canopy  is  shown  in  a  raised 
position  in  Plate  IV,  J5; 
when  in  use  it  is  pulled 
down  to  the  furnace  cover. 

The  joint  between  the  up- 
per and  the  lower  cylinder 
was  made  fairly  gas  tight 
by  spreading  on  the  top  of 
the  lower  cylinder  a  thick 
paste  of  alundum  cement 
to  a  depth  of  one-half  inch 
and  then  firmly  pressing 
the  upper  cylinder  into 
place.  The  outer  part  of 
the  joint  was  also  smoothed 
over  with  alundum  cement. 

The  interior  of  the  fur- 
nace as  arranged  for  mak- 
ing a  test  is  shown  in  figure  31.  The  ash  cones  a  are  supported  on  a 
plate  of  alundum  cement  serving  as  a  cover  for  the  crucible  6,  which 
is  4  inches  high  and  3  inches  in  diameter  at  the  bottom,  outside  dimen- 
sions. The  cone-supporting  crucible  is  within  the  crucible  d^  which 
with  the  cover  c  serves  as  a  muffle.  Crucible  d  is  ^  inches  high,  5 
inches  in  diameter  at  the  top,  and  3  inches  in  diameter  at  the  bottom, 
and  is  provided  with  observation  and  thermocouple  holes  correspond- 
ing to  those  in  the  furnace  cylinder.  The  platinum  and  platinum- 
rhodium  thermoelement  is  protected  from  the  furnace  gases  by  a 
glazed  Marquardt  porcelain  tube  e  one-fourth  inch  in  diameter. 
A  fused  silica  tube  /,  If  inches  in  external  diameter  and  6  inches 


Figure    31.- — Section    of    No.    3    melter's    furnace 
arranged  for  fusion  tests. 
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long,  is  placed  in  the  2-inch  observation  hole  of  the  furnace,  the 
inner  end  projecting  through  the  wall  of  the  crucible  rf,  and  the 
other  end  projecting  out  of  the  furnace  a  distance  of  2  inches.  A 
brass  sleeve  carrying  a  thin  glass  window  was  slipped  on  the  outer 
end  of  the  observation  tube  to  prevent  the  escape  of  burning  gas, 
which  would  have  interfered  with  convenient  observation  of  the 
cones. 

The  fire-clay  furnace  cylinders  and  cover  will  withstand  a  tem- 
perature of  1,650*^  C.  It  has,  however,  been  difficult  to  obtain  suit- 
able refractory  crucibles.  Fused-silica  ware  was  first  used  but  was 
later  abandoned  on  account  of  high  first  cost  and  short  life  owing  to 
crystallization;  alundum  ware  also  went  to  pieces  after  a  few  runs. 
Finally  the  ordinary  hard  burned-clay  assay  crucibles  were  tried 
and  found  to  be  suitable,  provided  they  were  not  heated  to  a  tempera- 
ture exceeding  1,500°  C. 

The  average  life  of  a  crucible  under  these  conditions  is  six  runs; 
however,  they  cost  only  a  few  cents  each,  and  are  quickly  replaced. 
Experiments  are  being  made  with  various  materials  in  order  to  ob- 
tain a  cheap  and  durable  material  that  may  be  used  for  temperatures 
up  to  1,650°  C. 

METHOD  OF  OPERATION. 

Natural  gas,  that  used  by  the  city  of  Pittsburgh,  Pa.,  was  supplied 
to  the  furnace  at  a  pressure  of  approximately  10  to  12  inches  water 
gage,  through  a  J-inch  pipe;  air  was  supplied  from  a  Root  blower 
through  a  l^-inch  pipe.  The  blower  developed  a  pressure  of  2  to  3 
pounds  to  the  square  inch.  As  this  pressure  was  inadequate  for 
attaining  temperatures  above  1,500°  C.  an  ordinary  oxygen  tank 
was  connected  to  the  air  line  and  the  air  was  enriched  with  oxygen 
whereby  temperatures  up  to  the  melting  point  of  platinum  (1,755° 
C.)  were  readily  obtained. 

With  stronger  air  pressure,  at  least  5  pounds  per  square  inch,  tem- 
peratures up  to  1,700°  C.  should  be  easily  obtained  without  recourse 
to  oxygen. 

The  coal  ash  was  prepared  and  the  cones  were  moimted  in  the  man- 
ner described  on  pages  29-30. 

Although  several  cones  can  be  heated  simultaneously  in  the  gas 
furnace  as  shown  in  figure  31,  all  tests  described  in  the  following  ex- 
periments were  made  with  single  cones,  in  order  to  eliminate  any 
possible  influence  of  volatile  constituents  of  one  cone  on  the  softening 
point  of  another  cone.  The  mounted  cone  having  been  placed  in 
proper  position  in  the  crucible  d  (fig.  31)  with  the  cover  c  in  place, 
the  gas  was  turned  on,  ignited,  and  allowed  to  burn  about  10  minutes 
before  the  cover  plate  of  the  furnace  was  replaced ;  during  this  time 
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the  air  and  gas  was  gradually  increased  so  as  to  slowly  heat  the  cru- 
cible without  cracking  it.  After  the  cover  plate  was  in  place  on  the 
furnace,  the  proportion  of  air  was  increased  sufficiently  to  cause  the 
combustion  to  take  place  just  above  the  tuyeres,  and  yet  maintain  a 
flame  at  least  6  inches  high  above  the  opening  in  the  cover  plate. 
From  this  point  the  temperature  was  gradually  increased  by  a  suit- 
able adjustment  of  gas  and  air  until  it  was  at  least  200°  C.  below 
the  probable  down  point  of  the  cone ;  then  a  temperature  increase  of 
5°  C.  per  minute  was  started  and  maintained  until  deformation  com- 
menced. When  the  cone  started  to  bend  the  rate  of  heat  increase  was 
reduced  to  2°  C.  per  minute,  and  this  rate  was  maintained  until  the 
end  of  the  test.  During  the  entire  period  of  heating  a  reducing  at- 
mosphere was  maintained  in  the  furnace  by  using  the  minimum 
amount  of  air  necessary  for  attaining  the  desired  temperatures.  A 
luminous  reducing  flame  issued  from  the  opening  of  the  cover  plate 
to  a  height  of  at  least  6  inches,  except  at  the  higher  temperatures 
above  1,450*^  C,  which  could  not  be  attained  without  a  larger  propor- 
tion of  air  to  gas.  Fortunately  a  strongly  reducing  atmosphere  is 
not  so  essential  at  the  higher  temperatures,  as  refractory  ashes,  owing 
to  their  low  content  of  iron  oxide,  are  only  slightly  affected  by  oxi- 
dizing or  reducing  atmospheres. 

COICPOSITIOK  OF  ATMOSFHEBE  StJBBOTXNDINa  CONES. 

While  the  furnace  was  operated  under  the  conditions  described 
above,  samples  of  gas  were  taken  from  the  interior  of  the  muffle 
crucible  d  (fig.  31)  at  various  temperatures  between  800°  and  1,500° 
C.  The  results  of  analyses  of  the  gas  samples,  given  in  Table  19  fol- 
lowing, show  a  fairly  uniform  composition  over  the  given  tempera- 
ture range.     Practically  all  the  oxygen  of  the  air  had  been  consumed. 

Table  19. — Results  of  analyses  of  gas  samples  taken  at  various  temperatures 

from  No,  S  matter's  furnace. 


Tempera- 

Percentage by  volume  of— 

Ratio. 

ture  where 
sample 

CO,. 

CO. 

H,. 

0,. 

etc. 

ClU. 

N,. 

COf 

CO 

vas  taken. 

CO+COi 

CO+CO, 

•c. 

800 

900 

1,000 

1,100. 

1,200 

1,300. 

1.400 

1,S00 

P.ct. 
6.1 
6.1 
6.4 
5.9 
6.2 
6.4 
6.9 
9.3 

P.ct. 
8.3 
7.9 
8.5 
8.3 
8.5 
8.5 
7.3 
6.6 

P.ct. 
7.0 
7.8 
7.7 
8.2 
9.1 
8.6 
6.5 
6.5 

P.ct. 
0.0 
.5 
0 
.3 
.4 
.1 
.2 
.2 

P.ct. 
0.6 
.3 
.2 
.5 
.2 
.1 
.2 
.0 

P.ct. 
1.6 
1.8 
.4 
.6 
.3 
.3 
.3 
.3 

P.ct. 

70.4 
75.6 
70.8 
76.3 
75.3 
76.0 
78.6 
77.1 

P.ct. 
42 
44 
43 
42 
42 
43 
49 
59 

P.ct. 
58 
56 
57 
58 
58 
57 
51 
41 

These  analyses  do  not  show,  the  real  composition  of  the  furnace 
atmosphere  in  that  the  water  vapor  was  not  determined.    However, 
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it  is  possible  to  calculate  the  percentage  of  water  vapor  from  the 
analysis  of  the  natural  gas  used  and  the  products  of  combustion,  as 
follows : 

OALCUIiATTON  OF  PERCENTAGE  OF  WATER  VAPOR  IN  GAS  SAMPLE. 

Composition  of  natural  gas  used. 

Constituent.  Per  cent. 

Methane  (CH4)    78.7 

Ethane  (CaH.) 20.3 

Nitrogen  (N,)    LO 

100.0 
78.7  CO.  CH4  forms  on  combustion   78.7  c.c.  CO-f-COa  and  157.4  c.c.  Hj-f  HjO. 
20.3  c.c.  CaHe  forms  on  combustion   40.6  c.c.  GO+OOa  and   60.9  c.c.  Ha+H^O. 

119.3  218.3 

Ratio  of  H2+H2O  to  CO+CO3  in  producta  of  combustion  =  ?1|:|  =  1.83 

Hence  water  vapor  in  products  of  combustion  =  (CO+COa)  1.83— H2.0 

The  percentage  of  water  vapor  was  calculated  in  this  way  for  each 
analysis,  and  the  results  were  combined  with  the  results  of  the 
analysis  in  order  to  obtain  the.  actual  composition  of  the  furnace 
atmosphere  at  various  temperatures.  The  values  so  found  are  given 
in  Table  20  following. 

Table  20. — Composition  of  furnace  atmosphere  at  various  temperatures. 


Percentage  by  volume  of— 

Reduc- 
ing 
gases.a 

Oxidis- 
ing 
gase&fr 

Ratio  of 
reducing 

Tem- 
perature. 

N^ 

CtHt. 

CH4. 

H,. 

CO. 

CO^ 

HtO. 

0,. 

gases  to 
oxidit- 

Ing 
gases. 

•  C, 

800 

flOO 

1,000 

1,100.... 

1,200 

1,300 

1,400 

1,600 

64.0 
64.3 
64.1 
64.8 
63.9 
63.9 
65.8 
62.9 

0.6 
.3 
.2 
.4 
.2 
.1 
.2 
.0 

1.3 
1.4 
.4 
.4 
.3 
.3 
.2 
.3 

6.9 
6.6 
6.4 
7.0 
7.7 
7.3 
6.4 
5.3 

6.9 
6.7 
7.1 
7.0 
7.2 
7.2 
6.1 
5.3 

6.1 
6.2 
5.4 
6.0 
5.3 
5.4 
5.8 
7.6 

16.1 
16.1 
16.4 
15.1 
15.1 
15.7 
16.3 
18.4 

0.0 
.4 
.0 
.3 
.3 
.1 
.2 
.2 

14.6 
14.0 
14.1 
15.2 
15.4 
14.9 
11.9 
10.9 

21.2 
20.7 
21.8 
20.4 

ao.7 

21.2 
22.  S 
26.2 

41:59 
40:eO 
39:61 
42-.58 
43:57 
41:59 
35:t>5 
29:71 

aCiHi+CHi+HH-CO.  6CO»+H|0+Os. 

Methane  (CH^),  ethane  (CgH^),  hydrogen  (Ha),  and  carbon 
monoxide  (CO)  are  reducing  gases;  oxygen  (Oo),  carbon  dioxide 
(COg),  and  water  vapor  (HgO)  are  oxidizing  gases;  nitrogen  may  be 
regarded  as  a  neutral  gas  having  neither  oxidizing  nor  reducing 
properties.  On  this  basis  the  ratio  of  reducing  to  oxidizing  gases 
was  fairly  constant  at  40  to  60  in  the  temperature  range  between 
800°  and  1,300°  C;  above  1,300°  C.  the  atmosphere  became  more 

*  Neglecting  water  vapor  in  gas  and  air  supplied  to  the  furnace  and  assuming  no  other 
forms  of  carbon  in  combustion  products. 
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oxidizing,  the  ratio  being  29  to  71  at  1,500°  C.  There  is  seemingly 
no  danger  of  obtaining  in  the  gas  furnace  an  atmosphere  that  is  too 
reducing  in  character.  However,  care  must  be  observed  to  maintain 
the  largest  possible  excess  of  gas  over  air;  otherwise  the  minimmn 
softening  point  corresponding  to  a  ferrous  iron  s^lag  will  not  be 
obtained. 

TESTIHQ  FOR  KAGNETIC  BLAO  AND  HETiiXLIC  IKON. 

In  connection  with  the  fusion  tests  made  in  atmo-phercs  of  equal 
parts  of  hydrogen  and  water  vapor 
and  of  equal  parts  of  carbon  dioxide 
and  carbon  monoxide,  it  was  shown 
that  ash  cones  fused  in  such  atmos- 
pheres showed  little  or  no  magnetism 
when  suspended  in  the  field  of  a  strong 
electromagnet.  This  test  was  there- 
fore used  for  determining  the  efficiency 
of  reduction  in  the  gas  furnace.  The 
electromagnet  (fig.  32)  consisted  of 
a  rod  of  Swedish  iron,  <i,  63  inches 
long  and  1  inch  in  diameter,  upon 
which  were  wound  250  feet  of  No.  18 
B.  &  S.  gage  insulated  copper  annun- 
ciator wire,  b,  in  10  layers,  the  whole 
being  covered  with  electrician's  tape 
to  keep  the  wire  in  place.  The  fused 
cone  was  placed  in  the  copper  stirrup, 
t,  which  was  freR  to  swing  on  a  thread 
supported  from  above.  A  current  of 
■^  amperes  was  used  to  energize  the 
magnet. 

A    dilute    solution    of    copper   sul- 
phate   was    poured    over    a    freslily 
ground  surface  of  a  fused  cone.     Me- 
tallic iron  was  then  easily  detected  when  this  surface  was  examined 
under  the  microscope,  as  any  particles  of  iron  became  copper  plated. 

TEUFEBATUBE  MEAStTBEHENTS. 

Most  of  the  temperature  niciisurenients  were  made  with  a  thermo- 
element of  platinum  and  platinum-rhodium  and  a  Siemens  and 
Halske  high-resistance  millivoltmeter.  The  cold  junction  was  kept 
at  the  temperature  of  melting  ice.  The  thermoelement  was  protected 
from  the  furnace  gases  by  a  glazed  Marquardt  porcelain  tube  of 
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five-sixteenth  inch  external  diameter.  This  outfit  could  be  safdy 
used  up  to  temperatures  of  1,550°  C.  For  higher  temperatures  an 
optical  pyrometer  of  the  Holbom-Kurlbaum  type  was  used.  The  ac- 
curacy of  both  the  thermocouple  and  the  optical  pyrometer  was 
checked  at  regular  intervals  by  determining  the  melting  points  of 
gold  (1,063°  C),  diopside  (1,391°  C),  and  nickel  (1,450^  C),  as  in 
the  earlier  experiments. 

The  whirling  flame  produced  by  the  three  tangential  burners 
heated  the  muffle  crucible  so  evenly  that  it  was  difficult  to  see  the 
cones  and  observe  their  deformation  until  means  was  provided  for 
locally  cooling  the  cones  slightly  below  the  temperature  of  the 
crucible  wall.  For  this  purpose  a  J-inch  Marquardt  porcelain  tube 
was  inserted  through  the  openings  provided  for  the  thermocouple 
tube;  the  tube  was  so  placed  that  when  it  was  connected  with  the 
compressed-air  pipe  a  jet  of  air  was  directed  against  the  cones,  cool- 
ing them  momentarily,  and  thus  rendering  them  visible. 

BESITLTS  OF  TESTS. 

To  furnish  a  basis  for  comparison  of  the  results  obtainable  in  the 
No.  8  melter's  furnace  with  the  results  of  fusion  tests  with  other 
equipment,  determinations  were  made  of  the  softening  temperatures 
of  the  same  48  coal  ashes  that  had  previously  been  fused  in  air,  in 
an  atmosphere  of  equal  parts  of  hydrogen  and  water  vapor,  and  in  an 
atmosphere  of  equal  parts  of  carbon  monoxide  and  carbon  dioxide. 
The  size  of  cone  and  rate  of  heating  was  exactly  the  same  in  each  of 
the  different  atmospheres.  The  results  obtained  are  given  in  Table  13 
(p.  68)  and  in  figures  24  and  25  (pp.  70  and  71).  It  will  be  seen 
that  most  of  the  gas-furnace  results  agree  fairly  well  with  those 
obtained  in  the  CO-COg  atmosphere,  the  average  difference  for  the 
two  series  being  only  10°  C.  and  the  average  softening  point  curve  d: 
(fig.  24)  for  the  gas  furnace  almost  coinciding  with  the  CO-COj 
curve  c.  There  is,  however,  a  difference,  varying  from  30°  to  70°  C, 
between  the  average  softening  point  curve  d  and  the  average  soften- 
ing point  curve  6,  representing  the  results  obtained  in  the  atmosphere 
of  hydrogen  and  water  vapor,  which  produced  the  lowest  soft^iing 
temperatures. 

COMPABISON  OF  RESULTS  OBTAINED  IN  TWO  DIFFEBENT  TYPES 
OF  GAS  FURNACES  OPEBATED  UNDEB  MAXIMUM  BEDUCING 
CONDITIONS. 

The  experiments  described  showed  that  it  was  possible  to  obtain 
duplicate  results  in  softening-temperature  determinations  made 
under  maximum  reducing  conditions  in  the  No.  3  melter's  furnace. 
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The  next  step  in  investigating  the  suitability  of  the  gas  furnace  for 
use  in  a  standard  method  was  to  determine  whether  comparable  re- 
sults would  be  obtained  in  different  types  of  gas  furnaces,  provided 
the  furnace  construction  was  such  as  to  allow  free  access  of  the  com- 
bustion gases  to  the  ash  cones. 

As  a  different  type  of  furnace,  a  No.  29  Meker  muffle  furnace  was 
modified  as  shown  in  figure  33  by  removing  the  muffle  and  replacing 
it  with  a  porous  alundum  tube,  a,  IJ  inches  in  internal  diameter,  the 
open  front  of  the  furnace  around  the  alundum  tube  was  closed  with 
refractory  fire  clay,  h;  a  thin  rectangular  plate  c,  1^  by  3  inches,  com- 
posed of  kaolin  and  alumina  mixed  in  equal  proportions,  was  placed 
over    the    burner    and    directly 
under   the   ahmdum   tube   a,  to 
spread  the  flame  and  cause  uni- 
formly distributed  heating. 

Within  the  tube  a  were  placed 
two  short  alundum  capsules  d 
and  r,  the  former  with  its  closed 
end  in  front,  near  which  was 
placed  the  cone  /,  mounted  as 
usual  in  a  base  of  kaolin  and 
alumina.  Eadiation  was  cut 
down  by  placing  the  capsule  e  in 
front  of  the  cone ;  a  small  open- 
ing in  the  closed  end  of  this  cap- 
sule permitted  observation  and 
measurement  of  the  temperature 
with  an  optical  pyrometer  of  the 

Holhom-Kurlbaum  type.  The  i.-,fii,ut  33.-Wodifl(^  Ko.  29  uAtr  fnro«ce. 
temperature  measurements  were 

checked  in  the  usual  manner  by  observing  the  melting  points  of 
pure  gold  wire  and  crystals  of  diopside.  The  burner  connections 
were  so  arranged  that  either  natnrnl  gas  or  coal  gas  could  be  used, 
with  air  at  a  pressure  of  2  pounds  per  square  inch.  Owing  to  the 
low  air  pressure  it  was  necessary  to  enrich  the  air  with  oxygen  in 
<)rder  to  attain  the  highest  temperatures. 

The  method  of  making  and  mounting  the  ash  cone,  its  size,  and 
the  rate  of  heating  it  were  the  same  as  in  the  tests  with  the  No.  3 
gas  furnace.  The  furnace  was  operated  at  nil  times  under  maximum 
reducing  conditions,  a  flame  issuing  from  the  chimney  to  a  height  of 
approximately  6  inches.  Table  21  following  shows  the  results  of 
these  tests  in  comparison  with  those  with  the  No.  3  raelter^s  furnace. 
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Table  21.- 
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-Results  of  testa  to  determine  softening  temperatures  in  No.  S 
melter's  furnace  and  in  modified  Meker  furnace. 


Ash  BBinple  No. 

Softening  temperatures  in— 

Diflerenoes. 

No.  3 
fumaoe 

with 
natural 

gas. 

Meker 
furnace 

with 
natural 

gas. 

ICeker 
fumaoe 

with 
artificial 

gas. 

2  and  3. 

3  and  4. 

1 

S 

8 

4 

6 

6 

86 

•c. 

1,076 
1,125 
1,145 
1,156 
1,166 
1,172 
1,177 
1,196 
1,218 
1,229 
1,236 
1.250 
1,262 
1,277 
1,304 
1,316 
1,327 
1,325 
1,325 

1,087 
1,134 
1,156 
1,165 
1,179 
1,153 
1,185 
1,195 
1,212 
1,234 
1,266 
1,248 
1,288 
1,271 
1,318 
1,329 
1,295 
1,283 
1.295 

"C. 
1,074 
1,124 
1,115 
1,137 
1,177 
1,153 
1,184 
1,146 
1,189 
1,224 
1,276 
1,219 
1,329 
1,224 
1,316 
1,304 
1,295 
1,291 
1,288 
1,318 
1,358 

•c. 

-11 

-  9 
-11 

-  9 
-13 
+19 

-  8 
+  3 
+  6 

-  5 
-30 
+  2 
-26 
+  6 
-14 
-13 
+32 
+42 
+30 
+58 
+43 

•a 

+13 
+10 
+41 

+28 
+  2 

0 
+  1 
+49 
+23 
+10 
-10 
+29 
-41 
+47 
+  2 
+25 

0 
-  8 
+  7 
-85 

0 

88 

83 

11 

60 

100 

90 

93 

17 

68 

97 

76 

13 

18 

72 

67 

74 

95 

89 

91 

1,341              1,283 
1,401              1,358 

77 

Aywaee 

+  4i 

+  9 

A  representative  lot  of  21  coal  ashes,  varying  in  softening  temper- 
atures from  1,070°  to  1,400°  C,  were  tested  in  the  two  furnaces,  the 
determinations  in  the  No.  3  melter's  furnace  being  made  by  one  of 
the  authors,*  and  the  determinatix)ns  in  the  Meker  furnace  being 
made  by  another  member  ^  of  the  laboratory  force.  Thus  the  use  of 
a  reducing  atmosphere  in  a  gas  furnace  was  put  to  a  more  severe 
test  by  having  different  operators  as  well  as  different  types  of  fur- 
naces and  pyrometers.  The  agreement  in  the  results  obtained,  as 
shown  in  Table  21  and  in  figure  34  is  even  better  than  was  expected 
and  is  within  the  requirements  of  a  standard  method.  The  largest 
difference  was  45°  C,  whereas  75  per  cent  of  the  samples  checked 
within  25°  C.    The  average  difference  for  the  series  was  4J°  G. 

COMFABISON  OF  BESULTS  OBTAINED  WITH  NATUBAL  AND  WITH 

ABTIFICIAIi  GAS. 

The  tests  described  were  all  made  with  natural  gas  as  the  furnace 
fuel.  The  results  of  tests  with  artificial  gas  shown  in  the  table  and 
in  figure  34  are  explained  later.    The  combustible  constituents  of  the 


•A.  E.  Hall,  assistant  chemist.  »  H.  A.  Depcw,  Junior  physical  chemist 


FTTSIBILITY  OF  COAL  ASH  AS  DETERMINED  IN  GAS  FURNACE.         99 


sr"=''~ i  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  It? 

^s^     "^^-T'^s. 

\  ^Z  2                                     -       « 

A        A-," 

--t-  ?       -                           ^  -  I  ^ 

t     I                        ^                    ^^ 

t      4i^                                                  - 

I           IC                                            .                                                               lO 

zC                                         ""* 

-     X 

it                                                    —    a 

1  ^3^                                       - — ® 

42^ 

__« yiy  J    ..                                           »• 

t%t                                                       -    -6 

"      "                       I£-2S5^          it          ""                                                                "*^ 

s"^- 

""  '                  t^^^"**                                 * 

t                     -'^^e 

^-"^t      V                                                     ^              

'*-^^^.  ^^                                               ~    "S 

^"^^ 

-J — LL . ^-r^' g 

::  ii a::==:::::^5-  iiii  iiiiii:::::: 

"■•f    1                **^     V                             -       s; 

^  E  ce                               ^^ft  \ 

S    «  *b                                                          ^  oL                                                                                          m 

■    ^33"  —        ■■  ^Vv                      —     —     —        3 

P  e  S                                                     ^^     Nfc                                                       t- 

£  c  c                                      \^*    ^.                                   ^ 

^  ^  ^                                   v%      ^^ 

Hl!  lis  ^   ._  ,  _        1    _      ^  >_     ,  .r^  ii_ _,.  .    —     « 

.jsll             it           s    ^                  ^ 

:|Sait                         ^-,.1 

.--*««                                                                              .'l>^                                                     ».  o 

~"  00  ca  ca                                                       -^T                                         8 

■    d  d  d                                                         ^  Tt" 

i^  i^  i^                                                                                                  ^    '  .^                                                        Q 

;     !  1                                      JU?                    "S 

I                                                                           h^i-                                            SI 

-      •  ■'                                             ^5                   4I      ® 

1                                                  '^  V' 

■    '                                 -^^  ^-         +" 

i^s;— ). gg 

L «                                                             i.S    ^               « 

t                                                                        ^>«I               ® 

'5v^ 

--          -          -                          -              -                                                    ''S^          !fi 

—  —                       —                          —              —                                                       «-«          ^ 

0) 


u 

O 

a 

a 


& 

eo 

o 


a 

a 

u 

•ft 
«> 

CO 

u 

0 


K 


S 

XX  ^niY)I3i»iax  0NIN3Jd08 


0 

a 

o 

00 
00 


3 


eo 

H 

(4 
D 
O 


100  FUSIBILITY  OF  COAL  ASH. 

natural  gas  used  in  the  city  of  Pittsburgh,  Pa.,  comprise  paraffin 
hydrocarbons  only,  the  composition  being  as  follows:* 

Analysis  of  natural  gas  used  at  Pittsburgh,  Pa, 

Constituent.                                                                                              Per  cent 
Nitrogen    (N.) . 1. 6 

Methane  (CH*) 84. 7 

Ethane  (CaH«) 9.4 

Propane    (CaH*) 3. 0 

Butane  (C«Hio) 1. 3 

100.0 

In  order  to  determine  whether  the  composition  of  the  fuel  gas 
used  had  any  influence  on  the  softening  temperature  of  an  ash  when 
heated  under  reducing  conditions,  the  softening  points  of  the  same 
lot  of  ash  samples  were  again  determined  in  the  Meker  furnace  under 
exactly  the  same  conditions  as  before  except  that  artificial  gas  was 
used  instead  of  natural  gas.  The  artificial  gas  used  in  Pittsburgh 
is  made  up  of  approximately  1  part  of  carburetted  water  gas  and  3 
parts  of  coal  gas.  Burrell,  Seibert,  and  Robertson  *  give  the  follow- 
ing complete  analysis  for  this  gas : 

Analysis  of  Pittsburgh  artificial  gas. 

Constituent.                                                                     Formula.  Per  cent. 

Carbon  dioxide (Cd)  2. 63 

Oxygen (O.)  .81 

Carbon  monoxide (CO)  13. 25 

Hydrogen . (H,)  87.33 

Methane (CH*)  31. 13 

Ethane (CH«)  2.10 

Propane (CsHb)  .  43 

Ethylene (CH*)  a  05 

Propylene (G»H«)  .00 

Butylene (C4H,)  .11 

Benzene (C«H«)  1.33 

Nitrogen (N,)  4.23 

100.00 

The  results  obtained  with  the  artificial  gas  have  been  given  in 
Table  21  and  in  figure  34.  The  determinations  in  artificial  gas  aver- 
aged 10°  C.  lower  than  those  in  natural  gas.  The  largest  deviation 
was  49°  C,  and  only  5  samples  in  a  total  of  21  deviated  more  than  30*^ 
C.    These  differences  are  little  greater  than  would  be  expected  in  a 

'Burrell.  G.  A.,  Seibert,  F.  M.,  and  Robertson,  I.  W.,  Analysis  of  narnral  gas  and 
lllaminatlng  gas  by  fractional  distillation  at  low  temperatares  and  pressures:  Tech. 
Paper  104,  Bureau  of  Mines,  1915,  p.  16. 

*  Same  work,  p.  16  and  p.  28. 
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parallel  series  of  softening  temperature  determinations  in  which 
the  same  gas  was  used ;  hence  the  use  of  natural  gas  in  one  laboratory 
and  artificial  gas  in  another  should  not  interpose  any  obstacle  in  the 
way  of  obtaining  closely  similar  results. 

IGNITION  OF  ASH  IN  OXYOEN. 

The  effect  of  unbumed  carbon  in  the  ash  in  causing  puffing  or  in> 
tumescence  of  the  melting  ash  has  been  discussed,  especially  with 
reference  to  softening  tests  made  in  an  atmosphere  of  hydrogen  and 
water  vapor.  In  the  Hj-HjO  atmosphere  many  of  the  cones  had  a 
marked  tendency  to  swell  even  when  the  ash  had  been  repeatedly 
ground  and  reignited  in  air  and  was  finally  made  up  into  cones 
without  the  use  of  any  carbonaceous  binding  material.  Experiments 
made  with  the  addition  of  small  amounts  of  sugar  carbon  or  dextrin 
did  not  produce  any  appreciable  difference  in  the  softening  tempera- 
ture or  swelling  tendencies  of  the  ash ;  hence  it  was  concluded  that 
under  the  slow  rates  of  temperature  increase  (2°  C.  per  minute)  used, 
the  carbonaceous  material  reacted  with  the  atmosphere  and  was 
removed  from  the  system  before  the  ash  began  to  soften,  and  that  the 
swelling  in  Hj-HaO  atmospheres  was  due  to  causes  other  than  the 
presence  of  carbon. 

In  CO-CO2  atmospheres  and  in  the  reducing  atmosphere  of  the 
gas  furnace,  swelling  of  the  cones  was  comparatively  infrequent. 
However,  a  particularly  troublesome  ash  in  this  respect  led  to  ignit- 
ing the  ash  in  a  current  of  pure  oxygen  for  several  hours  at  a  tem- 
perature of  850°  C.  This  treatment  practically  eliminated  swelling 
of  the  cone  in  the  reducing  atmosphere  of  the  gas  furnace,  and 
greatly  reduced  the  degree  of  swelling  when  the  ash  was  fused  in  the 
H2-H2O  atmosphere.  As  swelling  of  the  cone  makes  the  softening 
point  less  distinct,  and  practically  prevents  the  determination  of  the 
fluid  temperature,  it  was  deemed  advisable  to  regrind  the  ashes  and 
subject  them  to  a  second  ignition  in  oxygen  for  a  period  of  two  hours, 
at  a  temperature  of  800®  to  850°  C. 

This  ignition  was  conveniently  made  in  the  improvised  electric 
furnace  shown  in  figure  35.  It  consisted  of  a  fused-silica  tube  a^ 
2|  inches  in  internal  diameter  and  18  inches  long,  and  having  a  wall 
one-fourth  inch  thick.  It  was  open  at  one  end  and  drawn  down  at 
the  other  end  to  a  tube  &,  of  three-eighths  inch  external  diameter. 
On  this  tub  was  wound  90  feet  of  nichrome  ribbon  ^,  one-eighth 
inch  wide  and  0.032  inch  thick  (No.  20  B.  &  S.  gage),  the  turns  being 
as  close  as  possible  without  touching ;  the  winding  was  covered  with 
a  coating  of  alundum  cement.  The  silica  tube  was  supported  at  each 
end  by  asbestos  (transite)  board  three- fourths  inch  thick,  which  was 
cut  to  fit  snugly  into  the  sheet-iron  shell  of  the  furnace.    The  space 
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between  the  silica  tube  and  the  shell  was  packed  with  kieselguhr 
(infusorial  earth).  The  sheet-iron  cylindrical  jacket  was  10  inches 
in  diameter  and  17^  inches  long.  Oxygen  was  supplied  from  a  tank 
through  a  rubber  tube  and  a  bubbling  bottle  at  the  rate  of  3  to  5 
bubbles  per  second,  the  rubber  tube  being  connected  to  the  silica  tube 
at  &. 

Before  the  ash  was  ignited  it  was  ground  for  20  or  30  minutes  in 
a  mechanical  agate  mortar  grinder,  which  reduced  the  ash  to  200 
mesh  and  finer.  Five  to  ten  grains  of  this  finely  ground  ash  was 
placed  in  a  silica  or  porcelain  capsule  <i  If  inches  in  diameter  and 
five-eighths  inch  deep,  and  was  transferred  to  the  furnace.  Six  of 
these  could  be  placed  in  the  furnace  at  one  time.  The  open  end  of 
the  furnace  was  closed  with  a  snugly  fitting  plug  of  "transite."  The 
thermocouple  was  inserted  through  a  hole  in  this  plug.    After  one 


FiGUBE  35. — Electric  furnace  for  Igniting  ash  In  atmosphere  of  oxygen. 

or  two  runs  with  the  thermocouple,  the  temperature  could  be  esti- 
mated with  sufficient  accuracy  by  the  eye. 

In  heating  this  furnace  from  room  temperature  to  800°  C.,  a  cur- 
rent of  5  amperes  was  used  during  the  first  10  minutes ;  and  thwi  10 
amperes  until  800°  C.  was  reached,  30  to  40  minutes  being  required 
in  all.  Five  to  six  amperes  was  required  to  maintain  the  temperature 
at  800°  C.    The  maximum  voltage  was  110  volts. 

This  method  of  ignition  was  used  in  all  subsequent  experiments. 

INFLUENCE  OF  SIZE  AND  SHAPE  OF  CONE. 

The  ordinary  Seger  cone  used  in  the  ceramic  industries  is  so  pro- 
portioned that  on  softening  it  describes  a  smooth  bend  or  half  circle, 
the  tip  touching  the  base.  In  the  early  part  of  this  investigation  it 
was  found  that  similar  cones  made  of  molded  coal  ash  did  not,  as 
a  rule,  bend  as  uniformly  as  the  standard  Seger  cones.    Certain  ashes 
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had  a  decided  tendency  to  flow  down  into  a  somewhat  spherical  lump 
without  bending.  Inclination  of  the  cone  did  not  solve  the  difficulty 
but)  on  the  contrary^  introduced  more  variation  in  the  results,  owing 
to  shrinking  and  warping  of  the  cone  as  the  sintering  temperature 
was  approached.  The  most  uniform  results  appeared  to  be  obtained 
with  a  rather  slender  cone  placed  in  a  vertical  position.  A  cone  1 
inch  high,  having  an  equilateral  triangular  base,  each  side  of  which 
was  three-sixteenths  inch  long,  was  adopted  as  a  tentative  standard 
and  used  in  most  of  the  tests  previously  described. 

On  extending  this  investigation  to  a  wide  variety  of  coal  ashes 
some  objections  to  the  slender  form  of  cone  became  evident,  in  that 
the  softening-temperature  determinations  of  certain  types  of  ashes 
could  not  be  duplicated  within  the  usual  limits  (30''  C).  These  dif- 
ferences were  due  to  irregularities  in  the  manner  of  deformation. 
Some  cones  flowed  or  "  slumped  "  down  into  a  lump  without  bending; 
other  cones  bent  over  in  the  usual  manner.  The  down  point  of  such 
cones  was  always  lower,  sometimes  as  much  as  200°  C.  Previously  de- 
scribed experiments  (pp.  79-86)  have  shown  the  impossibility  of  mat- 
ing the  cones  composed  of  certain  types  of  ashes  describe  a  smooth 
bend  on  softening  even  when  the  cones  are  mounted  in  a  horizontal 
position.  Furthermore,  the  deformation  temperature  of  inclined  or 
horizontally  mounted  cones  represents  in  many  instances  a  compar- 
atively incomplete  state  of  fusion.  The  authors  believe  that  serious 
clinker  trouble  in  a  furnace  corresponds  to  a  more  complete  fusion 
of  ash,  a  state  in  which  the  resulting  slag  flows  from  the  force  of  the 
gravity  alone,  without  the  aid  of  a  bending  moment.  Reasoning 
from  this  point  of  view  it  was  decided  to  use  a  cone  with  a  wider 
base  in  proportion  to  the  altitude  so  that  the  vertically  mounted  cone 
would  never  bend  but  always  flow  or  "  slump ''  down  into  a  spherical 
lump,  the  temperature  at  which  the  cone  attained  this  condition  to  be 
taken  as  the  "  deformation  point "  or  "  softening  temperature." 

In  order  to  determine  the  best  proportions  of  base  to  altitude,  12 
a^es,  whose  softening  temperatures  ranged  from  1,050°  to  1,650°  C., 
were  molded  into  cones  of  the  following  sizes:  A  by  %  inch,  ^  by 
%  inch,  A  by  1  inch,  and  y^  by  %  inch.  These  ashes  were  selected  as 
far  as  possible  from  those  that  had  previously  given  trouble  in  irregu- 
lar deformation.  The  cones  were  prepared  in  the  usual  manner  and 
one  of  each  size  was  mounted  on  the  same  kind  of  refractory  base, 
and  was  placed  in  the  No.  3  gas  furnace  in  the  position  shown  in 
%ure  31.  An  exploration  of  the  interior  of  the  muffle  crucible  with 
the  thermocouple  showed  a  maximum  variation  in  temperature  of 
only  6®  C ;  hence  each  of  the  four  different  sizes  of  cones  of  a  given 
ash  was  subected  to  the  same  heat  treatment,  and  any  variation  of 
results  must  have  been  due  only  to  differences  in  the  size  and  shape 
of  the  cones.    The  furnace  was  operated  with  a  maximum  reducing 
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flame.  From  a  temperature  of  800°  C.  the  rate  of  heat  increase 
was  5°  C.  per  minute  until  initial  deformation  of  any  cone  was 
noticed;  the  rate  of  heat  increase  was  then  2^  C.  per  minute  until 
the  last  cone  had  either  bent  with  the  tip  touching  the  base,  or, 
failing  to  bend,  had  collapsed  into  a  spherical  lump.  The  tempera- 
ture at  which  each  cone  reached  one  or  the  other  of  these  conditions 
was  recorded  as  the  softening  temperature.  All  the  determinations 
were  made  in  duplicate  in  order  to  obtain  some  data  on  the  tendency 
toward  variation  in  the  manner  of  deformation  of  the  several  dif- 
ferent sizes  of  cones, 

RESULTS  OF  EXPERIMENTS. 


In  nearly  all  the  tests  the  slender  cone,  1  by  ^  inch,  described  the 
usual  Seger-cone  bend,  whereas  practically  each  of  the  other  cones 
settled  down  into  a  somewhat  spherical  lump  without  bending.  The 
results  of  the  duplicate  determinations  for  each  size  of  cone,  which 
are  given  in  Table  22  following,  show  that  the  slender  cones,  which 
bent  in  the  tests,  were  more  susceptible  to  variable  results  than  the 
cones  with  wider  bases,  which  softened  to  a  lump,  the  average  dif- 
ference in  results  of  duplicate  tests  of  a  cone  A  by  1  inch  being  18.5° 
C,  as  compared  to  6°,  6.6°,  and  8°  C,  for  the  nonbending  cones. 

Table  22. — Results  of  tests  to  determine  softening  temperatures  in  No,  S  melter't 

furnace  toith  4  different  sizes  of  cones, 

[Results  in  centigrade  degrees.] 


Ash 

sample 

No. 


oB* • • • • 

104.... 
106.... 
108.... 
107.... 

80 

07 

74 

100.... 
110.... 

75 

100.... 

Average 


No.  1  oones,  1  inch 
by  A  inches. 


Soften- 
ing 
tem- 
pera- 
ture. 


ri,iii 

11,124 

ri,ooa 

11,072 
[1,190 
11,105 
[1,163 
11,100 
ri,236 
11,257 
ri,153 
11,201 
fl,296 
11,356 
ri,321 
[1,353 
f1,391 
[1,407 
r],496 
11,496 
[1,496 
11,601 
ri,518 
11,531 


Aver- 
age. 


^1,117 
^l,067 
1,198 
4,106 
^1,247 
1,177 
1,387 
1,337 
1,390 
1,406 
a,  409 
1,525 


DilTer- 
enoe. 


13 

10 

6 

6 

21 

48 

58 

82 

16 

0 

6 

13 


No.2oone8,|by  i 
inch. 


Soften- 
ing 
tem- 
pera- 
ture. 


1,122 
1,124 
1,132 
1,142 
1,195 
1,195 
1,201 
1,236 
1,246 
1,257 
1,331 
1,342 
1,353 
1,361 
1,353 
1,364 
1,407 
1.407 
1,505 
1,507 
1,507 
n,612 
1,531 
U,531 


Aver- 
age. 


1,123 
1,137 
1.195 
1,218 
1,252 
1,387 
►1,357 
1,359 
1,407 
1,506 
1,510 
1,531 


19 


Differ- 
enoe. 


2 

10 

0 

35 

11 

11 

8 

11 

0 

2 

5 

0 


8 


No.  3  cones,  I  by  ^ 
indi. 


Soften- 
ing 
tem- 
pera- 
ture. 


ri,i84 

[1,124 
11,132 
11.132 
fl,195 
[1,195 
rl,211 
11,236 
1,246 
11,257 
fl,331 
111  342 
[1,353 
11,361 
[1,353 
[1,364 
[1,407 
11,407 
[1,505 
11,607 
[1,607 
11,512 
[1,531 
[1,531 


Aver- 
age. 


1,124 
^1,132 
fl,19S 
a,  223 
^1,252 
^1,337 
hl,357 
^1,359 
4,407 
4.506 
1,510 
1,531 


Diffei^ 
enoe. 


0 

0 

0 

25 

11 

11 

8 

11 

0 

2 

5 

0 


No.  4  cones,  i  by  A 
indi. 


Soften- 
ing 
tem- 
pera- 
lure. 


ri,124 
11,124 
[1,101 
11.132 
[1,195 
11,  Its 
[1,201 
11,206 
[1,236 
11.236 
[1,331 
11,342 
ri,353 
11,856 
1,353 
11,364 
[1,407 
11,407 
[1,490 
11,507 
1,507 
11,512 
1,531 
11,531 


6 


Aver- 


4,124 
1,116 
4,105 
4,204 
1,236 
4,337 
1,355 
4,850 
4,407 
4,602 
4,610 
4,531 


Diffei^ 


0 

81 
0 
5 
0 

11 
3 

11 
0 

11 
5 
0 


6* 


Differ- 

eooe, 
No.  I 
cones 
and 

STW- 

arefor 
Ko.2 
and 
No.  3 

cones. 


-  7 
-68 

-  2 
-55 

-  5 
-100 
-30 
-22 

-  8 

-  10 
-11 

-  fi 


-32 


FUSIBILITY  OF  COAL  ASH  AS  DETEHMINED  IN  GAS  FURNACE.      105 

The  effect  of  varying  the  size  and  the  shape  of  the  cones  on  the 
ileformation  points  is  clearly  shown  in  figure  36,  in  which  the  average 
aoftening  temperature  of  each  ash  and  of  cones  of  each  different  size 
is  plotted.  The  results  for  the  No.  2  and  No.  3  cones,  which  had  the 
same  ratios  of  base  to  altitude,  are  always  within  10  degrees  of  each 
other.  The  results  for  the  No,  4  cone,  the  shortest  tried,  also  agree 
fairly  well  with  those  for  the  No.  2  and  No.  3  cones.  All  of  these 
cones  deformed  to  a  lump  without  bending.    On  the  other  hand. 


ASH  NUUBER 

tpinperHtures  obtslaed  In  No.   3  melter'B  funiace 

all  of  the  No.  1  cones,  the  slender  cones  that  usually  bent  on  soften- 
ing, had  a  lower  softening  point  tlian  the  cones  of  the  other  three 
sizes,  this  difference  ranging  from  2°  to  160°  C.  The  observed 
softening  point  of  a  cone  made  from  ash  No.  80  may  vary  from 
1,180°  to  1,340°  C,  depending  on  whether  the  cone  starts  to  bend 
at  the  incipient  softening  or  whether  it  flows  down  to  a  lump  without 
bending.  As  such  variations  are  likely  to  occur  with  bending  cones, 
2aTT4°— 18- 8 
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it  seems  best  to  rule  out  entirely  this  type  of  test  piece  and  depend  on 
one  so  proportioned  that  the  force  of  gravity  and  surface  tension  will 
change  the  form  from  that  of  a  pyramid  or  cone  to  that  of  an  ap- 
proximate sphere.  Although  perhaps  the  temperature  at  which  this 
transition  takes  place  can  not  be  quite  so  definitely  fixed  as  can  the 
temperature  at  which  the  tip  of  a  bending  cone  touches  the  base,  the 
change  is  certainly  less  subject  to  large  variations  due  to  irregular 
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FiouRB  87. — Carves  showing  softening  temperatures  obtained  in  No.  3  melter's  furnace 

at  four  different  rates  of  heating. 

bending,  and  in  the  opinion  of  the  authors  more  nearly  represents 
the  state  of  fusion  of  ash  when  it  forms  troublesome  clinkers. 

As  a  result  of  the  experiments  described,  a  standard  size  of  cone 
having  an  altitude  of  three-fourths  inch,  and  a  triangular  base  of 
one-fourth   inch   was  used   in   the   subsequent   experiments.      The 
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softening  temperature  was  taken  at  the  point  where  the  cone  de- 
formed to  a  somewhat  spherical  lump,  as  shown  in  Nos.  2,  8,  and  4 
cones  in  Plate  III,  B  (p.  66). 

INFIiTJENCE  07  BATE  07  HEATIKO. 

Based  on  the  results  of  experiments  to  determine  the  influence  of 
rate  of  heating  in  oxidizing  atmospheres  of  air  and  in  reducing 
atmospheres  of  hydrogen,  a  temperature  increase  of  5°  C.  per  min- 
ute to  initial  deformation,  and  then  an  increase  of  2°  C.  per  minute 
to  final  deformation  was  adopted  as  a  standard  rate  in  the  experi- 
mental work  so  far  described.  In  view  of  the  importance  of  mak- 
ing the  time  of  conducting  a  test  as  short  as  possible  in  commercial 
testing  it  seemed  desirable  to  repeat  these  rate  experiments  under 
the  new  conditions  prevailing  in  the  gas  furnace  when  operated  under 
maximum  reducing  conditions. 

The  same  12  samples  of  coal  ashes  used  in  the  "  size-of-oone "  ex- 
periments were  molded  into  cones  i  by  |  inch  and  heated  to  the 
softening  point  in  the  No.  3  melter's  furnace  at  four  different  rates, 
as  follows:  5°  C.  per  minute  until  initial  softening,  then  2°  C.  per 
minute,  6**  C.  per  minute,  10°  C.  per  minute,  and  20°  C.  per  minute. 
The  results  obtained  are  given  in  Table  23  and  in  figure  37.  In  gen- 
eral, the  lowest  rate  of  heating  produced  the  lowest  softening  tem- 
perature. With  only  one  exception  the  results  of  the  5°  and  10° 
rates  were  within  20°  of  each  other,  and  this  exception  deviated  only 
30°.  It  is  therefore  reconmiended  that  the  rate  of  heating  be  kept 
between  these  limits.  As  a  number  of  cones  are  usually  heated  simul- 
taneously, it  is  advisable  to  start  with  a  temperature  of  800°  C. 

Table  23. — Results  of  tests  to  determine  softening  temperatures  in  No.  S  melter's 

fumade  at  four  different  rates  of  heating. 


Aat  sample  No. 


88. 


KM. 

106. 
108. 
107. 
80.. 
67.. 
74.. 
100. 
120. 
75.. 
106. 


Avenge. 


Rate  of  temperature  Increase 
per  minute,  •  C. 


Sand 
2b. 


1,123 


1,137 

1,106 
1,218 
1,251 
1,336 
1,367 
1,358 
1,407 
1,506 
1,500 
1,531 


1,120 


1,141 

1,201 
1,235 
1,273 
1,353 
1,370 
1,373 
1,412 
1,406 
1,507 
1,496 


10 


1,118 


1,112 

1,199 
1,252 
1,282 
1,364 
1,360 
1,375 
1,407 
1,518 
1,518 
1,496 


20 


1,072 
1,1 17 
1,099 
1,189 

i,m 

1,196 
1,196 
1,268 
1.289 
1,377 
1,377 
1,386 
1,423 
1,497 
1,497 
1,542 


Differences,  •  C. 


5  and  2 
and  5. 


+  3 


-  4 

-  6 
-17 
-22 
-17 
-22 
-15 

-  7 
+10 
+  2 
+35 


5  and  2 
and  10. 


+  5 


+26 

-  4 
-34 
-31 
-28 
-12 
-17 

0 
-12 

-  9 
+35 


-  5 


-  7 


5  and  2 
and  20. 


+24 


-50 

-  1 

-50 
-38 
-41 
-20 
-28 
-16 
+  9 
+12 
-11 


-18 


5  and 
10. 


+  2 


+20 

+  2 
-17 

-  9 
-11 
+10 

-  2 
+  5 
-22 
-U 

0 


-  2 


5  and 
2a 


+21 


-56 

+  6 
-33 
-16 
-24 
+  2 
-13 
-11 
-  1 
+10 
-46 


10  and 
20. 


-13i 


+19 


-84 

+  3 
-16 

-  7 
-13 

-  8 
-11 
-16 
+21 
+21 
-46 


-llj 


•  5**    C.  per  minute  until  initial  deformation  of  cone ;  then  2"  C.  per  minute. 
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DETEBMINATION  OF  FLUID  TEMFEBATTTBE. 

That  the  softening  temperature  of  an  ash,  without  any  other 
information  as  to  the  change  of  viscosity  of  the  mixture  with  tem- 
perature, must  necessarily  be  a  rather  inadequate  indication  of  prob- 
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Figure  38. — Curves  showing  temperatures  of  Initial  deformation  and  softening  and  fluid 

temperatures  of  12  ashes  in  No.  3  melter's  furnace. 

able  clinkering  properties  has  been  generally  recognized  by  most 
investigators  who  have  studied  this  subject.  Some  ashes  melt  to  a 
comparatively  fluid  slag  in  a  short  temperature  range,  10°  to  20°  C; 
others  soften  very  slowly,  there  being  an  interval  of  50°  to  150°  C. 
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between  the  initial  deformation  of  the  cone  and  its  final  softening 
point.  This  temperature  range  has  been  termed  by  the  authors  the 
"  softening  interval."  It  is  believed  that  the  length  of  the  softening 
interval,  when  considered  with  the  softening  point,  will  ultimately 
be  proved  to  have  some  connection  to  clinker  formation.  Further- 
more, at  the  softenmg  temperature  the  fusing  ash  is  yet  in  a  pasty 
and  viscous  condition;  the  fusion  process  has  not  reached  the  point 
where  the  slag  i»  fluid  enough  to  run  and  drip  through  the  grate  bars 
of  a  furnace,  as  sometimes  happens  in  particularly  troublesome 
clinker  formation. 

Therefore  it  is  desirable  by  some  simple  method  to  determine  the 
approximate  fluid  temperature  of  an  ash.    One  method  is  to  continue 
heating  the  cone,  after  the  softening  point  is  reached,  to  the  tempera- 
ture at  which  the  spherical  lump  of  slag  becomes  fluid  and  spreads 
out  in  a  thin  layer  over  the  base  in  the  manner  of  cone  5  in  Plato 
III,  B  (p.  66).    On  trying  this  experiment  with  the  same  12  sam- 
ples of  ashes  used  in  the  preceding  experiments,  it  was  found  entirely 
practicable  to  determine  this  approximate  fluid  temperature.    It  was, 
of  course,  impossible  to  reproduce  these  fluid  temperatures  in  dupli- 
cate tests  as  closely  as  the  softening  temperatures,  as  the  end  point 
was  less  definite  than  the  point  at  which  the  cone  became  a  spherical 
lump.     The  fluid  point,  however,  was  sufficiently  defined  to  have 
some  significance.     For  example,  referring  to  figure  38,  in  which 
the  results  of  these  tests  are  plotted,  ash  sample  104  began  to  de- 
form at  1,060°  C,  it  reached  the  softening  temperature  at  1,165° 
C,  and  became  fluid  at  1,365°  C. ;  the  total  temperature  interval  from 
initial  deformation  to  fluid  point  was  305°  C.    On  the  other  hand, 
ash  sample  88,  which  began  to  deform  at  a  higher  temperature — 
1,117°  C. — ^became  fluid  at  a  much  lower  temperature,  namely,  1,200° 
C,  the  total  temperature  interval  being  only  83°  C.     This  would 
appear  to  represent  the  type  of  ash  that  might  cause  troublesome 
clinkers;  that  is,- the  slag  would  probably  spread  out  over  the  grate 
bars  in  the  furnace  at  a  comparatively  low  temperature,  choking 
off  the  draft  and  interfering  with  combustion  to  a  much  greater 
degree  than  would  ash  sample  104.     All  the  "critical  points" — 
initial  deformation  point,  softening  temperature,  and  fluid  point — 
should  therefore  be  taken  into  consideration  in  judging  the  probable 
clinkering  properties  of  an  ash.    These  three  points  give  approxi- 
mate data  on  the  change  in  viscosity  with  temperature,  a  change 
that  varies  greatly  in  different  ashes.    All  the  results  obtained  in 
this  series  of  tests  are  given  in  Table  24  following. 
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Table  24. — Results  of  tests  to  determine  initUU-deformation,  softening,  and 
fluid  temperatures  of  12  samples  of  ashes  in  No,  9  melter's  furnace, 

[Rateoftempentuieiiiflrettse,  6*C.  perminate;  oonee  f  by  }  jnoh;  values  In  table  In  oentignde  degrees.] 


Aah  sample  No. 


104 
105 
lOB 
107 
80. 
74. 
67. 
100 
110 
75. 
108 


Critical  pofiits. 


Initial- 
deformation 
temperature. 


1,117 
1,062 
1,196 
1,100 
1,150 
1,176 
1,206 
1,350 
1,289 
1,396 
1,474 
1,479 


Softening 
temperaturo. 


1,127 
1,105 
1,206 
1,223 
1,262 
1,342 
1,375 
1,386 
1,418 
1,499 
1,500 
1,516 


Flold 
temperature. 


1,201 
1,364 
1,280 
1,337 
1,364 
1,418 
1,429 
1,430 
1,450 
1,557 
1,557 
a  1,570 


Fusion  ranfe. 


Start  to 
down  point, 
or  softening 


intervaL. 


10 

lOS 

10 

54 

108 

166 

160 

86 

129 

106 

86 

87 


Down  point 

to  fluid,  or 

flowing 

intervaL 


74 

190 

74 

U4 

108 

70 

64 

58 

82 

58 

48 

64 


Start  to 

fluid,  or 

total  fusion 

intffvsL 


M 

908 

84 

1« 

ao5 

243 

233 

89 

161 

161 

83 

91 


a  Estimated  above  1,557*  C. 

DISCUSSION  OF  BEST7LTS  OBTAINED  IN  GAS  FOBNACE  WITH 

BEDUCINO  ATMOSFHEBE. 


It  was  found  possible  to  obtain  consistent  check  results  when  the 
No.  3  melter'g  furnace  and  the  modified  Meker  furnace  were  oper- 
ated under  maximum  reducing  conditions.  Such  conditions  were 
obtained  by  allowing  the  combustion  gases  to  circulate  freely  about 
the  ash  cones,  and  by  so  regulating  the  proportions  of  gas  to  air  that 
a  reducing  flame  at  least  6  inches  high  burned  at  the  outlet  of  the 
furnace.  The  softening  temperatures  thus  obtained  were  generally 
between  the  values  obtained  in  atmospheres  of  equal  parts  of  Hj  and 
H^O  and  atmospheres  of  equal  parts  of  CO  and  CO2.  Usually  they 
were  very  close  to  the  results  obtained  in  the  CO-COj  atmospheres. 
Most  of  the  iron  oxide  was  reduced  to  the  ferrous  form,  as  shown  by 
the  nonmagnetic  or  only  slightly  magnetic  nature  of  the  fused  cones. 
No  metallic  iron  was  found.  A  given  ash  sample  showed  practically 
the  same  softening  temperature ;  whether  natural  or  artificial  gas  was 
used  in  the  furnace  made  no  material  difference.  Analysis  of  the 
products  of  combustion  from  the  interior  of  the  furnace  showed  a 
ratio  by  volume  of  40  per  cent  reducing  to  60  per  cent  oxidizing 
gases,  which  is  within  the  limits  found  necessary  for  a  minimum 
softening  temperature  in  CO-CO2  or  Hj-H^O  mixtures,  and  also 
approximates  the  composition  of  the  atmosphere  that  prevails  in 
the  fuel  bed  of  a  furnace,  as  shown  by  the  work  of  Kreisinger,  Ovitz, 
and  Augustine.^ 

In  view  of  these  facts,  the  method  of  determining  the  fusibility  of 
coal  ash,  in  a  gas  furnace  having  a  reducing  atmosphere,  may  be 

•KrelBinger,  Henry,  Ovltz,  F.  K.,  and  Augastine,  C.  B.,  Combustion  in  the  fuel  bed 
of  hand-flred  furnaces :  TedL  Paper  137,  Bureau  of  Mines,  lOlG,  i».  61. 
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accepted  as  answering  the  theoretical  requirements  of  a  standard 
method.  A  furnace  of  the  type  of  the  No.  3  melter's  furnace  used  in 
the  tests  was  found  to  possess  the  following  practical  advantages  for 
use  in  commercial  laboratories:  (1)  It  is  a  standard  type  of  furnace 
obtainable  on  the  market  at  a  low  cost;  (2)  it  is  easily  operated  and 
repaired  with  the  facilities  available  in  the  ordinary  laboratory  of 
a  commercial  plant;  (3)  owing  to  the  tangential  burners  and  swirl- 
ing flame  the  required  reducing  atmosphere  and  a  very  uniform 
temperature  can  be  maintained  around  the  ash  cones ;  (4)  either  a  ther- 
mocouple or  an  optical  pyrometer  can  be  used  (the  thermocouple 
must,  of  course,  be  protected  by  a  glazed  Marquardt  porcelain  tube, 
and  its  use  is  limited  to  temperatures  under  1,550*^  C.) ;  (5)  the  fusi- 
bility of  six  different  samples  may  be  determined  simultaneously, 
thus  greatly  decreasing  the  cost  of  a  determination. 

£ECOMHENDED  PBOCEDUBE  FOK  STANSABD  OAS-PUBITAOE 

METHOD. 

FBEFABING  THE  ASH. 

Fifty  to  one  hundred  grams  of  60-mesh  coal  is  spread  out  on  a 
6-mch  fire-clay  roasting  dish,  and  completely  converted  to  ash  in  a 
muffle  furnace  at  a  temperature  of  800°  to  900°  C.  Five  to  ten  grams 
of  this  ash  is  transferred  to  an  agate  mortar  *•  and  ground  to  a  fine- 
ness of  200  mesh.  The  ash  is  then  placed  in  a  silica  or  porcelain 
capsule,  five-eighths  of  an  inch  deep  and  IJ  inches  in  diameter,  and 
ignited  for  a  period  of  two  hours  in  a  current  of  oxygen,  at  a  tem- 
perature of  800°  to  860°  C.  This  ignition  is  made  to  insure  complete 
and  uniform  oxidation  of  the  ash. 

FBEPABATION  07  COKES. 

The  ignited  ash  is  moistened  with  distilled  water  or  10  per  cent 
dextrin  solution  and  is  worked  into  a  plastic  mass  with  a  spatula 
or  pestle.  If  the  ash  is  finely  ground  a  skilled  operator  can  mold  and 
mount  cones  without  using  any  binding  material;  however,  the  au- 
thors were  not  able  to  detect  any  deleterious  effect  from  using  a  10 
per  cent  solution  of  dextrin,  provided  the  mounted  cone  was  ignited 
at  a  red  heat  in  an  open  muJflSe  furnace  before  the  fusion  test  was 
made.    Cones  made  with  dextrin  solution  are  less  fragile. 

The  plastic  material  is  molded  into  small  triangular  pyramids 
three-fourths  of  an  inch  high  and  one- fourth  of  an  inch  wide  at  the 
side  of  the  base.  The  pyramids  are  made  by  firmly  pressing  the 
plastic  material  with  a  steel  spatula  into  a  brass  mold  of  the  dimen- 

« A  mechanical  agate-mortar  grinder  will  save  time  where  many  determinations  are 
made. 
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sions  mentioned,  the  mold  being  similar  to  that  shown  in  figure  7 
(p.  29).  JThe  surface  is  then  struck  off  smooth  and  the  cone  re- 
moved from  the  mold  by  applying  a  small  knife  blade  at  the  base. 
By  lubricating  the  mold  at  the  start  with  a  little  vaseline  the  cone 
can  be  removed  at  once  without  waiting  for  it  to  dry.  When  the 
cones  are  dry  they  are  mounted  in  a  refractory  base  composed  of 
equal  parts  of  kaolin  and  alumina.  The  base  mixture  is  moistened 
to  make  it  workable,  and  a  part  of  it  is  spread  out  on  a  sheet-iron 
plate.  The  cone  is  then  mounted  in  a  vertical  position  in  a  small 
hole  made  in  the  base,  and  base  material  is  put  into  the  hole  around 
the  bottom  of  the  cone  to  fill  the  crevices  and  make  the  cone  st^nd 
firmly.  Usually  five  or  six  cones  are  mounted  in  one  base  in  the 
manner  shown  in  Plate  III,  B  (p.  66).  The  sheet-iron  plate  with  the 
test  piece  is  then  dried  on  a  hot  plate.  If  dextrin  has  been  used  as 
binder  the  cones  are  ignited  at  a  red  heat  for  30  minutes  in  an  (q)en 
mu£9e  furnace  to  remove  the  carbonaceous  material. 

METHOD  OF  HEATING. 

The  test  piece  is  placed  in  the  muffle  crucible  of  the  melter's  fui- 
nace  in  the  position  shown  in  figure  31  (p.  91),  the  loosely  fitting 
cover  c  is  placed  on  the  crucible,  and  the  gas  is  ignited.  It  is  neces- 
sary to  allow  the  gas  to  bum  about  10  minutes  to  heat  the  furnace 
parts  before  the  large  cover  plate  of  the  furnace  is  replaced ;  other- 
wise the  flame  is  apt  to  blow  out.  During  this  time  the  flow  of  the 
gas  and  air  is  gradually  increased  at  such  a  rate  as  will  not  cause 
the  crucible  to  crack.  After  the  cover  plate  is  on  the  furnace,  the 
volume  of  gas  and  air  is  increased  sufficiently  to  cause  the  combustion 
to  take  place  just  above  the  tuyeres  and  yet  maintain  a  yellowish 
flame  at  least  6  inches  above  the  opening  in  the  cover  plate.  While 
such  a  flame  is  maintained  above  the  furnace,  the  temperature  is 
gradually  increased,  by  a  suitable  adjustment  of  gas  and  air,  to 
800°  C.,  when  the  rate  of  heat  increase  is  slowed  down  to  not  less 
than  5*^  C.  and  not  more  than  10°  C.  per  minute.  This  rate  is  main- 
tained until  the  end  of  the  test.  It  is  also  important  that  the  6-inch 
reducing  flame  be  maintained  at  the  furnace  vent  throughout  the 
test,  if  possible,  and  at  all  events  the  temperature  should  be  kept 
up  to  1,460°  C.  After  a  test  has  been  completed  the  supply  of  gas 
and  air  is  turned  off  gradually  to  avoid  cracking  the  muffle  crucible. 
The  critical  points  observed  in  the  test  are  defined  as  follows: 

(1)  The  initial  deformation  temperatv/re, — The  temperature  at 
which  the  first  rounding  or  bending  of  the  apex  of  the  cone  takes 
place,  as  shown  in  cone  1  of  Plate  III,  B,  Such  bending  must  not 
be  confused  with  a  shrinking  or  warping  of  the  cone. 
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(2)  The  softening  temperature. — ^The  temperature  at  which  the 
cone  has  fused  down  to  a  spherical  lump  as  shown  in  cones  2  and  3 
of  Plate  III,  B.    Cone  4  has  almost  reached  the  softening  temperature. 

(3)  TJie  fluid  temperdture. — The  temperature  at  which  the  cone 
has  spread  out  over  the  base  in  a  flat  layer,  as  represented  by  cone  5 
in  Plate  III,  B. 

In  order  to  avoid  the  confusion  that  might  arise  in  an  effort  to 
report  all  of  the  critical  points  mentioned  it  is  recommended  that 
only  the  softening  temperature  be  reported  as  such,  the  other  two 
points  being  given  in  terms  of  temperature  intervals  above  and  below 
the  softening  temperature.  For  convenience  these  intervals  are 
reported  as  follows : 

(1)  The  softening  interval,  which  is  the  difference  between  the 
softening  temperature  and  the  temperature  of  initial  deformation. 

(2)  The  flowing  interval,  which  is  the  difference  between  the  fluid 
temperature  and  the  softening  temperature. 

Following  is  a  specimen  report  in  which  these  intervals  are  used : 

Ash  No.  10^. 

•c. 

Softening  temperature 1, 165 

Softening  Interval 105 

Flowing  interval 200 

Owing  to  the  difficulty  of  obtaining  on  the  market  highly  refractory 
muffle  crucibles,  commercial  laboratories  will  probably  not  attempt 
to  carry  fusion  tests  above  1,600°  C. ;  the  great  majority  of  coal  ashes 
will  soften  below  this  temperature.  Any  ash  that  withstands  1,500° 
C.  is  in  the  refractory  class  and  is  acceptable  as  regards  fusibility. 
Within  these  temperature  limits  the  ordinary  Denver  fire-clay  cru- 
cible No.  K,  7J  inches  high  and  4f  inches  in  diameter  at  tj;ie  top  may 
be  used.  Crucibles  should  be  ordered  by  the  hundred,  and  the  manu- 
facturers should  be  required  to  drill  two  holes  in  the  side  of  each,  an 
observation  hole  2  inches  in  diameter  with  its  center  2  inches  from 
the  top  of  the  crucible  and  a  thermocouple  hole  three- fourths  of  an 
inch  in  diameter  90°  to  the  right  of  the  observation  hole.  The  bot- 
tom of  this  hole  should  be  in  the  same  horizontal  plane  as  the  bottom 
of  the  observation  hole. 

A  Denver  fire-clay  crucible  No.  E,  4^  inches  high  and  3  inches  in 
diameter  at  the  top,  is  suitable  for  supporting  the  ash  cones  in  their 
proper  position  in  the  large  crucible. 

If  the  maximum  temperature  limit  is  placed  at  1,500°  or  1,650°  C, 
a  thermocouple  made  of  platinum  and  platinum-rhodium,  with  a 
high-resistance  millivoltmeter  or  a  Northrup  pyrovolter,  is  most  con- 
venient and  accurate  for  measuring  the  temperature.  The  thermo- 
couple must  be  protected  from  the  furnace  gases  with  a  glazed  Mar- 
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quardt  porcelain  tube.  The  outside  diameter  of  this  tube  need  not 
exceed  five-sixteenths  of  an  inch.  The  outfit  should  be  checked  fre- 
quently by  mounting  small  pieces  of  pure  gold  or  nickel  wire  or  foil 
in  place  of  the  cones  and  observing  their  melting  points  in  exactly 
the  same  manner  as  the  melting  points  of  the  cones  are  observed. 
With  a  strong  reducing  atmosphere,  1,450**  C-  should  be  obtained  for 
the  melting  point  of  the  nickel  and  1,063°  C.  for  the  gold.  The  ther- 
mocouple and  the  millivoltmeter  should  also  from  time  to  time  be 
standardized  throughout  the  temperature  range  for  which  they  are 
used  by  a  suitably  equipped  standardizing  laboratory  such  as  that  of 
the  United  States  Bureau  of  Standards. 

If  it  should  be  desired  to  determine  softening  points  above  1,500° 
C,  special  muffle  crucibles  of  fused  silica,  magnesia,  or  corundite  will 
be  required,  and  the  temperature  measurements  will  of  necessity  be 
made  with  an  optical  pyrometer,  preferably  of  the  Holbom-Kurl- 
baum  or  Wanner  type. 

SinaCAST  AND  CONCLirSIOHS. 

Attention  is  called  to  the  empirical  nature  of  the  "  fusing  or  soft- 
ening-temperature "  test  and  the  necessity  of  adopting  some  standard 
and  duplicatable  method  if  it  is  to  be  used  in  specifications  for  the 
purchase  of  coal. 

The  influence  of  the  more  important  factors  affecting  the  softening 
temperatures  of  the  coal  ashes  tested  may  be  summarized  as  follows: 

Fineness  of  ash. — ^Ash  ground  to  an  impalpable  powder  tended  to 
soften  at  a  slightly  lower  temperature  than  ash  that  would  pass  a  100- 
mesh  screen.  The  difference  averaged  6°  C,  and  in  no  test  exceeded 
40°  C.  Ash  pulverized  to  at  least  200  mesh  was  preferred,  as  it  could 
be  molded  into  more  substantial  cones  than  100-mesh  material. 

Inclination  of  cones. — Mounting  the  cones  with  a  considerable  in- 
clination— 36°  or  40°  from  the  vertical — caused  premature  deforma- 
tion points  in  some  cones,  which  bent  only  at  or  near  the  base  at  a 
comparatively  early  stage  in  the  fusion  process,  before  the  ash  had 
softened  to  the  flowing  point.  Vertical  or  nearly  vertical  cones  were 
more  free  from  this  source  of  variation.  Horizontally  mounted  cones 
usually  gave  lower  softening  points  than  vertical  cones,  the  difference 
varying  from  0°  to  nearly  200°  C.  The  average  difference  for  15 
samples  was  49°  C.  In  general,  horizontal  or  inclined  cones  indicated 
a  softening  point  at  too  early  a  stage  in  the  fusion  process;  hence 
vertically  mounted  cones  are  recommended. 

Size  and  shape  of  cone. — ^The  deformation  of  a  cone  depended  to 
some  degree  on  its  size  and  shape.  Within  limits  of  ^  to  2^  inches 
high  the  actual  size  had  little  influence  provided  the  shape  was  the 
same ;  that  is,  the  ratio  between  the  dimensions  of  the  base  and  of 
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the  altitude.  Cones  made  of  coal  ash  did  not  bend  as  uniformly  as 
the  standard  pyrometric  cones.  Attempts  to  modify  the  ratio  of 
base  to  altitude  in  order  to  obtain  a  more  uniform  deformation,  like 
the  usual  Seger-cone  bend,  resulted  in  the  selection  of  a  rather  slender 
type  of  cone — each  side  of  base  three-sixteenths  of  an  inch ;  altitude, 
1  inch — as  having  less  tendency  to  soften  to  a  lump  without  bending. 
However,  later  experience  showed  that  certain  ashes  when  molded 
into  slender  cones  would  bend  when  only  a  relatively  small  part  of 
the  ash  mixture  had  fused,  thus  indicating  a  premature  softening 
temperature ;  it  was  also  impossible  to  prevent  some  ashes  from  fusing 
down  to  a  lump  even  with  the  slender  type  of  cone.  It  was,  therefore, 
decided  to  eliminate  entirely  the  bending  tendency  by  increasing  the 
width  of  the  base ;  and  to  take  as  the  softening  temperature  the  point 
where  the  cone  had  softened  and  flowed  down  to  a  somewhat  spherical 
lump.  The  optimum  size  for  this  purpose  was  determined  experi- 
mentally and  found  to  be  a  cone  three- fourths  of  an  inch  high  and 
<Hie-fourth  of  an  inch  wide  at  the  base.  This  end  point  was  found 
reproducable  within  30°  C,  and  was  practically  free  from  the  occa- 
sional large  variations  experienced  with  the  slender  bending  cones. 

CarhoTuweous  matter  m  the  a^h, — ^Tests  in  which  all  traces  of  car- 
bon were  removed  and  in  which  the  cones  were  made  up  exclusively 
with  distilled  water,  showed  no  appreciable  difference  in  softening 
temperature  when  compared  with  similar  tests  in  which  the  same  ashes 
were  made  into  cones  with  10  per  cent  dextrin  solution  which  was 
not  burned  out  before  the  cones  were  inserted  in  the  furnace.  These 
tests  were  made  in  atmospheres  of  air,  of  hydrogen  and  water  vapor, 
and  of  carbon  monoxide  and  carbon  dioxide  at  rates  of  heating  not 
exceeding  5®  C.  per  minute.  However,  in  certain  tests  in  the  gas  fur- 
nace with  a  reducing  atmosphere,  more  rapid  rates  of  heating  caused 
swelling  and  intumescence,  which  was  much  less  pronounced  when 
the  ash  was  previously  ignited  in  oxygen  for  two  hours.  In  routine 
work,  ignition  of  the  reground  ash  in  oxygen  promotes  more  definite 
and  reliable  softening  points,  especially  when  the  original  ash  has 
been  incompletely  ignited. 

Bate  of  heating. — In  general,  slower  rates  of  heating  gave  lower 
softening  points.  Bates  slower  than  2°  C.  or  faster  than  10°  C.  per 
minute  are  not  advisable.  The  effect  of  variations  between  these 
limits  in  purely  oxidizing  atmospheres  was  negligible.  In  a  reducing 
atmosphere  of  hydrogen  the  lowest  and  most  uniform  results  were 
obtained  with  a  heat  increase  of  2°  C.  per  minute;  however,  a  tem- 
perature increase  of  5°  C.  per  minute  until  initial  deformation  of  the 
cone  occurred,  and  then  reducing  the  rate  to  2°  C.  per  minute  gave 
practically  the  same  results  and  saved  considerable  time  in  making 
the  test.    In  the  gas  furnace  with  reducing  atmosphere,  the  optimum 
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rate  of  temperature  increase  was  between  5°  and  10°  C.  per  minute. 
These  limits  are  recommended  for  a  standard  rate  of  heating. 

Oxidizing  or  reducing  atmosphere, — ^The  atmosphere  in  which  the 
ash  was  heated  proved  by  far  the  most  important  factor  in  causing 
large  variations  in  the  softening  temperature.  The  highest  soften- 
ing points  were  obtained  either  in  an  atmosphere  of  air  (platinum- 
wire  resistance  furnace),  or  in  a  strongly  reducing  atmosphere  of 
carbon  monoxide  (Northrup  furnace),  which  prevented  the  iron 
oxide  from  acting  as  a  fluxing  agent  by  reducing  it  to  metallic  iron 
before  the  softening  of  the  ash  began.  The  lowest  softening  tem- 
peratures were  obtained  in  those  atmospheres  of  mixed  gases  in 
which  reduction  of  ferric  oxide  proceeded  mainly  to  ferrous  oxide, 
the  most  active  phase  in  the  reduction  of  iron  ore  as  regards  slag 
formation  at  lower  temperatures.  The  maximum  variation  in  soften- 
ing temperatures  due  to  different  atmospheres  ranged  from  134° 
to  396°  C. 

Fusibility  of  ash  in  vaHous  mixtures  of  hydrogen  and  water 
vapor, — ^The  softening  temperatures  of  five  different  coal  ashes  were 
determined  in  various  mixtures  of  hydrogen  and  water  vapor,  rang- 
ing from  100  per  cent  hydrogen  to  100  per  cent  water  vapor.  These 
results,  plotted  in  the  form  of  curves,  showed  that  for  each  of  the 
ashes  tested  there  was  a  high  softening  temperature  in  pure  hydrogen 
on  one  end  owing  to  reduction  of  iron  oxide  to  metallic  iron ;  a  simi- 
lar high  softening  temperature  in  water  vapor  or  air  on  the  other 
end  owing  to  the  iron  oxide  remaining  for  the  most  part  in  tlie 
form  of  ferric  iron  or  magnetite;  and  a  somewhat  lower  softenhig 
temperature  in  the  middle  part,  in  an  atmosphere  ranging  from 
30  to  70  per  cent  water  vapor,  owingto  the  reduction  of  most  of  the 
iron  to  the  ferrous  state,  in  which  it  combined  to  form  fusible  fer- 
rous silicates. 

FusihUity  of  ash  in  various  mixtures  of  carbon  monoxide  and  car- 
bon dioxide. — Softening-temperature  tests  in  various  mixtures  of 
carbon  monoxide  and  carbon  dioxide  were  also  made  with  four  of  the 
ashes  that  had  been  tested  in  mixtures  of  hydrogen  and  water  vapor. 
Softening-temperature  curves  similar  to  the  curves  obtained  in  tests 
with  atmospheres  of  hydrogen  and  water  vapor  were  obtained,  each 
haj^ing  a  minimum  region  of  fusion  between  approximate  limits  of 
75  and  10  per  cent  carbon  monoxide.  However,  it  was  found  neces- 
sary to  heat  the  ash  cones  more  slowly  in  CO-COg  atmospheres  to 
attain  approximately  the  same  minimum  point  as  was  found  in 
Hj-HgO  atmospheres  at  faster  raters  of  heating.  Even  with  a  slower 
rate  of  heating  in  the  former  atmosphere  the  average  difference  in 
the  minimum  softening  temperatures  (down  points)  of  a  series  of 
ashes  tested  in  the  two  atmospheres  was  66.1°  C.  The  maximum  dif- 
ference was  197°  C.    The  results  obtained  in  Ha-HoO  atmospheres 
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were  generally  lower  than  in  CO-COj  atmospheres.  The  initial  de- 
formation points  were  practically  the  same  in  CO-COj  and  in  H^- 
HjO  atmospheres. 

FimhilUy  of  ash  in  the  redtecing  atmosphere  of  a  gas  furnace. — ^It 
was  found  possible  so  to  operate  two  types  of  gas  furnaces,  in  which 
the  combustion  products  had  free  access  to  the  coal  ash,  that  an  at- 
mosphere, of  approximately  60  per  cent  oxidizing  and  40  per  cent  re- 
ducing gases  was  maintained  around  the  coal  ash.  Softening  tem- 
peratures similar  to  those  previously  obtained  in  mixtures  containing 
equal  parts  of  carbon  monoxide  and  carbon  dioxide  were  thus  ob- 
tained in  a  much  simpler  type  of  furnace.  By  operating  the  gas  fur- 
nace with  the  maximum  excess  of  gas  over  air,  the  desired  reduction 
of  ferric  to  ferrous  iron  was  obtained  without  the  production  of  any 
metallic  iron. 

State  of  oxidation  of  iron  in  ash  cones  fivsed  in  vaariovs  atmos- 
pheres.—Ash  cones  fused  in  oxidizing  atmospheres  of  air,  carbon  di- 
oxide, and  water  vapor  contained  67  to  88  per  cent  of  the  total  iron  in 
the  ferric  form;  in  reducing  atmospheres  of  hydrogen  and  carbon 
monoxide,  49  to  78  per  cent  of  the  iron  was  present  as  metallic  iron. 
In  mixtures  containing  equal  parts  of  H.,  and  HjO  or  of  CO  and  COg 
78  to  94  per  cent  of  the  iron  was  present  as  ferrous  iron. 

State  of  oxidation  of  iron  in  clinker  and  slags. — Analyses  of 
clinker  slags  from  two  different  boiler  furnaces  and  one  hand-fired 
experimental  furnace  showed  that  fuel-bed  conditions  are  such  as  to 
favor  the  formation  of  clinkers  containing  iron  principally  in  the 
ferrous  state  as  was  found  in  ash  cones  fused  in  mixtures  of  equal 
parts  of  H2  and  HgO  or  of  CO  and  CO2. 

Standard  Tnethod  of  determining  the  softening  temperature  of 
coal  ash. — ^The  method  of  determining  the  softening  temperature  of 
coal  ash  in  a  gas  furnace  with  a  reducing  atmosphere  is  recom- 
mended as  a  standard  method.  The  furnace  is  simple,  it  can  be 
easily  operated,  and  a  number  of  tests  can  be  made  simultaneously. 
When  the  furnace  is  operated  under  the  prescribed  reducing  condi- 
tions reproducable  results  can  be  obtained,  approximating  those  of 
the  more  definite  mixtures  of  equal  proportions  of  CO  and  COg. 
A  standard  furnace  design  and  procedure  is  recommended. 
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trouble. 

27.  Pbost,  Eugene.    Recherches  sur  les  relations  exlstant  entre  le  degr&  de 

fusibility  et  la  comjiosition  des  cendres  de  houille.  Rev.  univ.  des 
mines,  t.  31, 1895,  pp.  87-98;  Moniteur  set,  t  46, 1895,  pp.  560-565.  See 
also  English  abstracts  of  his  articles  in  Coll.  Guard.,  vol.  70,  1895,  p. 
796;  vol.  74,  1897,  p.  602;  vol.  75,  1898,  p.  473.  Gives  a  number  of  ash 
analyses  and  relative  fusibilities,  and  derives  a  formula  for  expressing 
the  relative  fusibility  of  ash  from  its  composition.  For  further  details 
see  this  bulletin,  p.  2 

28.  QuiCKEL,  R.  D.    The  clinkering  of  mixed  coals.    CoU.  Eng.,  voL  34, 1914,  pp. 

368-371.  Coals  that  do  not  form  clinker  when  used  alone  may  do  so 
when  mixed.  Records  experience  with  certain  southern  coals  In  loco- 
motive practice.  Describes  two  hard  and  molasses  types  of  clinker. 
Gives  tables  of  analyses  and  of  silicate  calculations. 

29.  RiCKETTs,  E.  B.     Discussion  of  L.  S.  Marks*s  paper,  The  dlnkering  of 

coaL  Trans.  Am.  Soc.  Mech.  Eng.,  vol.  36,  1914,  pp.  830-833;  Jour. 
Am.  Soc.  Mech.  Bug.,  vol.  37,  1915,  p.  213.  Gives  determinations  of 
fusing  temperatures  in  gas  furnace  with  Wanner  pyrometer  and  hori- 
zontally mounted  cones.  Gives  a  curve,  "  EflSciency  vs,  ash-fusion  tem- 
perature," derived  from  boiler  tests.  Considers  fusing-temperature 
tests  good  indication  of  clinkering  qualities. 

30.  Stuckenbebg,  W.  I.  and  Kohout,  J.  F.    Some  points  about  fusion  tempera- 

ture of  ash.  Black  Diamond,  vol.  56,  1916,  p.  234.  Uses  cone  method 
and  Scimatco  pyrometer.  Tests  with  raw  and  washed  coals  showed 
similar  fusing  temperatures,  although  the  ash  content  and  the  sulphar 
content  were  lowered  by  washing.  Authors  assert  that  fusing  tempera- 
ture depends  mostly  on  intrinsic  ash  and  is  not  affected  by  extraneous 
impurities. 

31.  TusPiN,  S.  U.    The  formation  of  clinker  in  coal.    Elec.  World,  vol.  65,  1915, 

pp.  1184-1185.  General  discussion  of  reasons  and  remedies  for  clink- 
ering. 

32.  VoiGHT,  Kakl.    Ueber  die  Schraelzbarkeit  der  Aschen   von  Brennstoffen. 

Ztschr.  angew.  Chem.,  Bd.  21,  1908,  pp.  2461-2462.  Claims  that  fusing- 
temperature  test  is  of  no  practical  value  in  buying  coal. 
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33.  Wadleigh,  F.  R.    Notes  on  the  impurities  in  coal.    Coal  Age,  voL  1,  1912, 

pp.  1206-1209.  A  general  article  on  the  nature  of  clinker  formation, 
kinds  of  clinker,  and  the  determination  of  clinkerlng  properties  from 
the  fusing  temperature  of  the  ash  and  from  analyses  of  the  ash. 

34.  Wing,  J.  F.    Management  of  water-gas  generators.    Am.  Gas  Light  Jour., 

vol.  92,  1910,  pp.  730-732  and  772-776.  Describes  water-gas  producer 
in  which  an  extra  grate  is  used  and  temperature  is  raised  to  make  the 
clinker  flow  down  upon  the  lower  grate,  whence  it  is  easily  removed. 

35.  EorroRiAL.    The  steam  Jet  as  a  means  of  preventing  clinkerlng  in  the  boiler 
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SILICATES. 

36.  Akebmann,  R.    Ueber  die  zum  Schmelzen  verschiedener  Hochofenschlacken 

erforderlich  W&rmemenge.  Stahl  u.  Eisen,  Jahrg.  6,  1886,  pp.  281-301, 
387-396.  Qives  heat  of  formation,  latent  heat  of  fusion,  and  other 
physical  data  for  various  slags.  One  of  the  earliest  works  on  the 
subject 

37.  Allen,  E.  T.,  akd  White,  W.  P.    Diopside  and  its  relation  to  calcium  and 

magnesium  metasllicatea  Am.  Jour.  Scl.,  vol.  27,  1909,  pp.  1-47. 
Describes  results  of  using  thermal  method  of  determining  melting-point 
curve  of  various  mixtures  of  CaSiOt  and  MgSiOs.  Describes  eutectlcs, 
giving  melting  points.  Only  one  stable  form,  Identical  with  diopside 
was  found ;  it  had  a  melting  point  of  1,380^  C. 

38.  Ashley,  H.  E.    Slag  constitution  studied  by  means  of  the  triazial  diagram 

with  rectangular  coordinates.  Trans.  Am.  Inst.  Min.  Eng.,  vol.  31, 
1901,  pp.  855-883.  Discusses  use  of  the  trlaxial  diagram  In  plotting  the 
data  obtained  by  Hofmann  on  the  formation  temperatures  of  slags. 

39.  Babu,  L.  Mfitallurgie  ggnerftle.    Paris,  1904,  vol.  1,  pp.  470-543.    Discusses 

general  properties  of  slags,  silicate  degree,  and  formation  and  melting 
temperatures,  and  gives  diagrams  for  two  or  more  than  two  con- 
stituents. 

40.  BiEiNiNGEB,  A.  V.    Some  aspects  of  the  physical  chemistry  of  fusing  sili- 

cates. Trans.  Am.  Cer.  Soc,  vol.  9,  1907,  pp.  419-460;  Sprechsaal, 
Jahrg.  42,  1909,  pp.  170-172.  Enumerates  various  methods  of  attack 
upon  ceramic  physical-chemical  problems  and  calls  attention  to  some  of 
the  laws  involved. 

41.  Bleiningeb,  a.  v.,  and  Bbown,  G.  H.    The  behavior  of  fire  bricks  under 

load  conditions  at  a  temperature  of  1,300*  O.  Trans.  Am.  Cer.  Soc., 
vol.  12,  1910,  p.  837.    Gives  full  description  and  results  of  test. 

42. The  testing  of  clay  refractories,  with  special  reference  to  their 

load-carrying  capacity  at  furnace  temperatures.  Tech.  Paper  No.  7, 
U.  S.  Bureau  of  Standards,  1911,  78  pp.  Discusses  composition  and 
fusion  of  refractory  clays,  effect  of  heat  on  pure  clays;  effect  of  ac- 
cessory constituents  such  as  quartz,  alumina,  titanium  oxide,  iron 
oxide,  alkalies,  mica,  lime,  and  magnesia  upon  the  softening  tem- 
perature of  fire  clays ;  effect  of  fluxes  on  the  refractoriness ;  Richter'a 
law;  Bischofs  refractory  quotient;  and  effect  of  the  RO  in  the 
Seger-cone  series.  Describes  a  granular-carbon  resistance  furnace  used 
in  determining  the  softening  point  of  the  Are  clays. 
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43.  Day,  A.  L.»  and  Shepabd,  E.  S.    The  lime-silica  system  of  minerals.    Am. 

Jour.  Scl.  vol.  22, 1906,  pp.  265-302.  An  ezhanstlYe  study  of  this  binary 
system,  by  physico-chemical  methods,  thennal  and  microscopic.  Galls 
attention  to  the  fact  that  softening-temperature  curves  of  mechanical 
mixtures  molded  in  the  form  of  cones  do  not  give  reliable  data  re- 
garding melting  points,  as  a  cone,  when  heated,  begins  to  weaken  as 
soon  as  the  eutectic  begins  to  melt,  and  further  progress  is  govemed 
entirely  by  the  relative  quantity  of  eutectic  present  and  its  viscosity 
after  melting.  In  general,  the  formation  temperature  is  below  the 
melting  point  of  the  fused  mineral  except  where  the  constituents  are 
coarsely  ground  and  poorly  mixed. 

44.  DoELTEB  y  OisTEBicH,  G.  A.    Handbuch  der  Mineralchemle.    Dresden,  1912, 

Bd.  1,  pp.  628, 925-'955.  Discusses  silicate  formation,  melting  points,  etc. 
Gives  tables  of  melting  points  of  common  minerals,  comparing  points 
of  different  observers.  Discusses  various  methods  of  determining 
melting  point,  temperatures,  viscosity,  and  crystal  formation. 
Describes  metallurgical  slags  and  their  viscosity,  crystallization  of 
the  slag  minerals,  etc. 

45.  Die  Schmelzen  des  metakalzlum-slUkates,  GaSlOt  und  des  Alumo- 

sllikates,  OatAlaSisOio.  Tonind.  Ztg.,  Bd.  35,  1911,  p.  118.  Discusses 
measured  electrical  resistances. 

46.  Endell,  K.,  and  RnsKE,  R.    Ueber  die  Umwandlungen  des  Klesels^urean- 

hydrid  bel  hoheren  Temperaturen.  Ztschr.  anorg.  Chem.,  Bd.  79,  1912, 
pp.  239-259.  Describes  experiments  to  determine  melting  and  trans- 
formation points  of  various  silica  minerals  in  iridium  furnace,  with 
Ir-Ir  Ru  thermocouple. 

47.  Feiu),  a.  L.    a  method  for  measuring  the  viscosity  of  blast-furnace  slag  at 

high  temperatures.  Tech.  Paper  157,  Bureau  of  Mines,  1916,  27  pagesw 
In  the  method  described,  the  liquid  slag  is  confined  between  two  con- 
centric cylinders  of  graphite.  The  outer  is  rotated  and  the  inner  is 
suspended  and  the  torque  exerted  upon  it  Is  measured.  The  average 
viscosity  at  1,500"  C.  of  8  slags  measured  was  301  (H,0  at  20°  C.  =1), 
which  is  less  than  that  of  castor  oil  at  room  temperature  but  greater 
than  that  of  olive  oil.  Apparatus  could  be  used  with  temperatures  up 
to  1,600"'  C,  but  was  not  feasible  with  iron-bearing  slags  on  account  of 
graphite  parts  and  reducing  atmosphere. 

48.  Fenneb,  C.  N.    The  stability  relations  of  the  silica  minerals.    Am.  Jour. 

Sci.  vol.  36,  1913,  pp.  331-384.  A  study  of  the  inversion  temperatures 
of  quartz,  tridymlte,  and  crlstoballte.  Gives  melting  point  of  cristo- 
balite  as  1,625**  C. 

49.  Fulton,  C.  H.    Principles  of  metallurgy.    1910.    pp.  146-196,  245-288,  290- 

293.  Discusses  measurement  of  high  temperatures,  and  gives  composi- 
tion, formation,  and  melting  temperature  of  various  silicate  slags,  with 
tables  and  curves.  Outlines  physical  properties  such  as  viscosity,  spe- 
cific heat,  heat  of  formation,  and  latent  heat  of  fusion,  and  discusses 
the  system  of  Fe-FeS. 

50.  Gbeineb,  F.  E.    Ueber  die  AbhUngigkeit  der  Vlscosit&t  in  Sillkat-schmelzen 

von  Ihrere  chemlschen  Zusammensetzung.  Inaug.  dissertation,  Univ. 
Jena.  1907.  Describes  tests  in  which  with  NaaSiOi  taken  as 
a  standard,  FeSiO.,  Mn&iOs,  Fci  (SiO.)i,  MgSiOi,  lowered  the  vis- 
cosity in  the  order  named.  GaSiOs  and  especially  Als  (SiOs)t  raised 
the  viscosity.  SiOa  raised  the  viscosity,  and  B»0»  and  WOs  lowered  it 
An  apparatus  similar  to  Tamman's  was  used. 
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51.  HoFMAN,  H.  O.    Ctoneral  metallurgy.    1913,  pp.  483HI70.    Gives  composition, 

formation  temperatures,  and  melting  temperatures  of  yarious  silicate 
slags,  with  table  and  curves.    Discusses  physical  properties. 
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oxides.  Refers  to  work  of  Ledebur,  Akermann,  Gredt,  Vogt,  Hofman, 
and  others. 

55. Grundzflge  der  Slderologie.     Leipzig,  Bd.  1,  1900,  315  pp.;  Bd.  2, 

1902,  408  pp.    Gives  table  of  slag  minerals. 

56.  KoNSTANTiNov,  N.,  AND  S^LivANOV,  B.    The  artificial  preparation  and  fusi- 

bility of  iron  calcium  silicates.  Ztschr.  Kryst  u.  Mln.,  Bd.  55,  1915, 
p.  198;  Chem.  Abs.,  vol.  10,  1916,  p.  441.  Describes  Investigation  of 
system  FeSiOi-CaSlOt  by  thermal  and  optical  methods.  FeSlOi 
crystallized  well  only  when  slowly  cooled,  and  solidified  at  1,145 '^  to 
1,160"  C. 

57.  Percy,  John.    Metallurgy.    London,  1875,  pp.  46-86.     Discussion  of  com- 

position and  physical  properties  of  slags,  mainly  silicates. 

58.  Peters,  E.  D.    Principles  of  copper  smelting.    1907,  pp.  339-400.    Describes 

practical  study  of  slags,  giving  composition,  melting  temperatures,  and 
formation  temperatures  of  copper  slags. 

59.  Rankin,  G.  A.,  and  Merwin,  H.  E.    The  ternary  system  CaO-AljO*-MgO. 

Jour.  Am.  Chem.  Soc.,  vol.  38,  1916,  pp.  568-588.  A  physico-chemical 
study  In  which  the  method  of  quenching  was  used  to  determine  the 
melting  temperatures.  Concentration-temperature  models  and  equilib- 
rium diagrams  are  given. 

60.  Rankin,  G.  A.,  and  Wright,  F.  B.    The  ternary  system  CaO-Al»0»-S10«. 

Am.  Jour.  Scl.,  vol.  39,  1915,  pp.  1-79.  A  summary  of  the  complete  in- 
vestigation of  this  system,  giving  tables  of  melting  points  of  minerals, 
compounds,  and  eutectics,  with  trlaxial  diagrams  and  concentration- 
temperature  models.  • 

61.  SlfcuvANOV,  B.  Preparation  artlficielle,  fusibility  et  quelques  autres  proprl6tes 

des  silicates  du  systeme  2FeO.SiOa+2CaO.R10,.  Rev.  Soc.  Russe  M^tal., 
1915,  p.  328 ;  Rev.  M6tall.,  Extralts,  1. 12, 1915,  pp.  309-318.  Chem.  Abs., 
vol.  10,  1916,  p.  1157.  Describes  preparation,  fusibility,  and  some  other 
properties  of  silicates  of  the  system  2FeOSiOa2CaOSiO,.  Weighed 
quantities  of  FeO,  CaO,  and  SiOi  were  heated  in  a  platinum  boat  to  a 
certain  temperature  for  a  given  time,  in  an  atmosphere  of  nitrogen, 
and  allowed  to  cool.  As  a  result  of  heating;  the  FeO  forms  Fe  and 
Fe»Os  in  some  degree.  No  melting  temperatures  are  given  in  abstract 
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62.  Shephakd,  E.  S.,  and  Rankin,  G.  A.    The  binary  system  of  alumina  with 

sllicla,  lime,  and  magnesia.  Am.  Jour.  Sci.,  vol.  28,  1909,  pp.  293-333. 
Ztschr.  anorg.  Chem.,  Bd.  68,  1910,  pp.  370-420.  A  thermal  and  micro- 
scopic study  of  the  binary  systems.  Tern  i)erature-eoneent  rat  Ion  dia- 
grams are  given,  showing  the  melting  points  of  comiK)unds  and  eutectics. 
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63.  SosMAN,  R.  B.    The  common  refractory  oxides.    Joar.  Ind.  and  Ehig.  Ghem., 

vol.  8,  1916,  pp.  985-990.  Summary  of  reliable  data  on  melting  and 
inversion  temperatures,  with  diagrams  of  two  and  three  component 
systems  of  the  oxides  SiOs,  A1>0«,  MgO,  CaO,  FesOt,  FesOi,  and  FeO. 
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lime-ferric  oxide.  Jour.  Wash.  Acad.  Scl.,  vol.  6,  1916,  pp.  532-537. 
States  that  FeaOs  dissociates  to  some  degree  in  all  melted  mixtures  of 
CaO  and  FesOi,  especially  when  the  latter  is  in  excess.  Mixtures  con- 
taining less  than  50  molecular  per  cent  CaO  were  not  heated  above 
1,250**  C. ;  only  two  binary  compounds  could  be  found,  CaO.FeaO«  and 
2CaO.Fe,Ot.  CaO.FeaO.  dissociated  at  1,216'  C,  liquefying  in  part; 
2CaO.Fe«0.  dissociated  at  1,436*  C.  liquefying  in  part. 

65.  TuBNEB,  T.    The  physical  and  chemical  properties  of  slags.    Jour.   Soc. 

Chem.  Ind.,  vol.  24,  1905,  pp.  1142-1149.  Presents  record  of  experi- 
ments at  University  of  Birmingham  with  blast-furnace  slag,  in  which 
thermal  method  of  obtaining  cooling  curves  was  used.  Ck)ncludes  that 
silicate  slags  are  heterogeneous  mixtures  with  no  definite  melting 
point  to  which  the  phase  rule  is  applicable. 

66.  VoGT,    J.    H.    L.    Die    Silicatschmelzlosungen.    Ohristiania,    vol,    1,    1903, 

161  pp. ;  vol.  2,  1904,  235  pp.  Volume  1  deals  with  minerals  found  in 
silicate  fusions  with  special  reference  to  the  dependence  of  mineral 
formation  upon  the  composition  of  the  solution.  Volume  2  deals  with 
the  lowering  of  the  melting  points  of  silicate  fusions  (comparable  to 
lowering  of  freezing  point  in  solutions  by  dissolved  substance).  A 
general  study  of  slag  and  slag  minerals  from  the  point  of  view  of  the 
physical  chemist. 

67.  Wallace,  R.  C.    Ueber  die  binilren  System  des  Natriumsilicats  mit  Lith- 

ium-, Magnesium-,  Calcium-,  Strontium-,  und  Barium-metasilicat ; 
des  Lithium  metasilicats  mit  Kalium-,  Magnesium-,  Calcium-,  Stron- 
tium-, und  Barium-metasilicat;  und  Uber  das  Drelstoffsystem  NasO- 
AlaOa-SiOt.  Ztschr.  anorg.  Chem.,  Bd.  63,  1909,  pp.  1-48.  Present** 
cooling  curves  obtained  by  the  thermal  method ;  gives  conclu^ons  re- 
garding solubility,  eutectlcs,  and  different  crystal  phases,  and  discusses 
dissociation,  decomposition,  reduction,  and  oxidation  of  substances  oc- 
curring in,  or  related  to,  coal  ash  and  the  formation  of  clinker. 
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oxyd  und  KohlensHure.    Ztschr.  physik.  Chem.,  Bd.  43,  1903,  pp.  354- 

868.    Discusses  the  reduction  of  Fe804  to  FeO  and  FeO  to  Fe  by  CO. 

•  Gives  tables  and  curves  of  results  of  study  of  the  following  reactions: 
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See  pages  53  and  54,  this  bulletin. 
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See  al80  pages  44  to  46  of  this  bulletin. 
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abstracted  in  Jour.  Chem.  Soc,  vol.  110,  pt.  2,  1916,  p.  484.  Compares 
results  obtained  by  author  with  those  of  Schenck. 

73.  GiJ^SER,  Ferdinand.    Ueber  Reduktion  von  Metalloxyden  im  Wasserstoff- 

strom.  Ztschr.  anorg.  Chem.,  Bd.  36,  1903,  pp.  1-35.  Treats  of  reduc- 
tion of  various  metallic  oxides  (including  FejOs)  in  current  of  hydrogen. 

74.  HiLPERT,  S.    Ueber  die  Reduktion  von  Eisenoxyd  durch  Wasserstoif  und 

Kohlenoxyd.  Ber.  deut.  chem.  Gesell.,  Bd.  42,  1909,  pp.  4575-4581. 
Temperatures  are  given  for  the  beginning  of  reduction  of  iron  oxide 
prepared  by  various  methods.  States  that  FeO  and  FesOi  in  a 
pure  form  could  not  be  obtained,  each  sample  showing  at  once  all  the 
stages  of  reduction.  On  reducing  with  CO  the  products  were  contami- 
nated w^ith  C,  seemingly  in  the  form  of  cementite. 

75. .    Ueber  die  Sauerstoff-Abgabe  des  Eisenoxyd,  bei  hohen  Tempera- 

turen.  Ber.  deut.  chem.  Ge.sell„  Bd.  42,  1909,  pp.  4893-4895.  States 
that  results  varied  according  to  source  and  previous  treatment  of 
oxide.    The  reaction  took  place  slowly. 

76.  HiLPERT,   S.,  AND  Beyeb,  J.     Ueber  Eisenoxyduloxyde  und  EisenoxyduL 

Ber.  deut.  chem.  Gesell.,  Bd.  44,  1911,  pp.  1608-1619.  Describes  a 
method  for  preparing  pure  Fes04  by  heating  FeaO«  in  Ha  containing  a 
definite  amount  of  water  vapor.  Attempts  to  prepare  FeO  by  increas- 
ing the  amount  of  water  vapor  and  raising  the  temperature  always  gave 
some  Fe,  and  at  1,100"  C.  the  product  still  contained  1.5  per  cent  Fe»08. 
A  method  was  devised  for  making  comparative  measurements  of  the 
magnetic  properties  of  the  products  in  powdered  form.  The  presence 
of  solid  solutions  with  Fe^O*  was  shown. 

77.  HoFMAN,  H.  O.,  AND  MosTowiTscH,  W.    The  behavior  of  calcium  sulphate  at 

elevated  temperatures  with  some  fluxes.  Trans.  Am.  Inst.  Min.  Eng., 
vol.  39,  1908,  pp.  628-653.  Describes  experiments  made  in  platinum- 
foil  furnace,  in  pure,  dry  air  with  fluxes,  SiOa,  FejOs,  and  PbO  (sepa- 
rately) with  CaS04.  Hydrous  CaSOi  loses  its  combined  water  at 
900°  C. ;  anhydrous  CaSO*  is  unchanged  to  1,200°  C,  where  dissocia- 
tion begins,  with  separation  of  SOa  and  O2,  the  rate  and  degree  of  dis- 
sociation depending  on  time  and  temperature.  CaS04  fuses  at  1,360°  C, 
l)eing  somewhat  decomposed.  SiOa  decomposes  CaSO*,  decomposition 
beginning  at  1,000°  C.  and  finishing  at  1,250°  C,  products  beinj  CaO, 
SiOa,  and  gases.  It  appears  that  the  formation  temperature  of  cal- 
cium silicate  lies  below  melting  point.     Pure  FeaOs  begins  to  decom- 
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pose  CaSO«  at  1,100**  C,  decomposition  ending  at  1,250"  C.  A  hl^er 
temperature  is  required  than  with  SiOs,  but  the  action  is  more  rapid. 
The  decomposition  product  is  GaO.FesOi  (calcium  ferrite),  which  fuses 
at  1,250"*  C.    This  product  can  dissolve  and  decompose  GaSO^. 

7g. .    The  behavior  of  calcium  sulphate  at  elevated  temperatures  with 

some  fluxes.  Trans.  Am.  Inst  Min.  Eng.,  vol.  40,  1909,  pp.  807-808. 
Authors  found  that  FcjOb  remained  unchanged  at  1,360"  C.  in  dry  air, 
but  at  1,375"  C.  it  lost  0»  (4.4  per  cent),  became  magnetic,  and  con- 
tained some  FeO. 

79.  HoFMAN,  H.  O.,  AND  Wanjxjkow,  W.    The  decomposition  of  metallic  sul- 

phates at  elevated  temperatures  in  a  current  of  dry  air.  Trans.  Am. 
Inst.  Mln.  Eng.,  vol.  43,  1912,  pp.  523-577.  Heated  in  current  of  pure, 
dry  air,  FeS04  fuses  to  FesOa.2SOs,  which  dissociates  into  Fe^i  and  SOa, 
noticeably  at  492"  C,  and  markedly  at  550"  to  600"  C.  Ali(S04)t 
begins  to  dissociate  at  590"  C,  disassociation  becoming  marked  at 
639"  G.    Dissociation  of  MgSO«  begins  at  890"  O. 

80.  HosTETTEB,  J.  C,  AND  Sosif  AN,  K  B.    The  dissociation  of  ferric  oxide  in 

air.  Jour.  Am.  Chem.  Soc.,  vol.  38,  1916,  pp.  1188-1198.  Describes 
experiments  that  showed  a  measureable  dissociation  of  FexOs  In  air 
at  all  temperatures  between  1,100"  and  1,300"  0.  and  indicated  that 
dissociation  increases  with  increase  of  temperature. 

81.  Johnson,  W.  McA.    The  reducibility  of  metallic  oxides  as  affected  by  heat 

treatment.  Trans.  Am.  Inst.  Mln,  Eng.,  vol.  47,  1914,  pp.  219-231. 
Discusses  H.  O.  Hofman*s  experiments  to  determine  comparative 
reducing  effects  of  CH«,  CO,  Illuminating  gas,  and  producer  gas  on 
hard  hematite.  The  tests  showed  that,  irrespective  of  the  reversibility 
of  the  reaction,  the  progress  of  the  reduction  was  not  simply  a  function 
of  the  time  and  thc^  temperature. 

82.  Johnston,  John.    The  thermal  dissociation  of  GaCk)a.     Jour.  Am.  GhenL 

Soc.,  vol.  32,  1910,  pp.  938-946.  States  that  dissociation  begins  at 
587"  C.  and  is  complete  at  898"  C,  at  atmospheric  pressure. 

83.  KiNNisoN,  C.  S.    A  note  on  the  reduction  of  Fe^Os.    Trans.  Am.  Cer.  Soc, 

vol.  16, 1914,  pp.  136-143.  The  reaction  3FesO,<=^  2FeiO«-j-Oi  in  clays  was 
studied  by  adding  5  per  cent  FeiGs  in  the  form  of  Fea(0H)6  to  kaolin 
and  various  mixtures  of  SiOa  and  kaolin  and  heating  the  mixture  until 
a  black  color  developed.  Author  concludes  that  (1)  the  smaller  the 
AliGi-SiOa  ratio  the  lower  the  temperature  of  formation  of  "ferrous 
silicate";  (2)  at  comparatively  low  temperatures  fluxes  augment  the 
coloring  power  of  iron;  and  (3)  in  mixtures  with  large  amounts  of 
fluxes,  "  reduction  is  associated  with  solution."  The  dissociation  tem- 
perature is  about  1,210"  to  1,220"  O.  Fluxes  contribute  to  lowering 
of  thc^  transition  point. 

84.  Kbbmann,  R.  K.    The  application  of  physico-chemical  theory  to  technical 

processes  and  manufacturing  methods.  Ijondon,  1913.  pp.  115-131. 
Gives  equilibrium  data  on  the  systems  of  Fe  and  its  oxides  and  of  G 
and  its  oxides. 

85.  Mathesius,    Ludwig.      Untersuchungen    Uber    die    Reduzierbarkeit    von 

Eisenerzen  in  strSmenden  Gasen.  Stahl  und  Eisen,  Bd.  34,  1914,  pp. 
866-872.  Describes  method  for  determination  of  Fe,  Fe",  Fe'".  Ores 
were  heated  at  600",  700",  and  900"  G.  in  a  current  of  illuminating  gas. 
Gondudes  that  true  equilibrium  is  not  reached  in  a  moving  gas  stream 
and  that  the  degree  of  reduction  is  largely  dependent  on  the  nature 
of  the  ore  and  the  exposed  surface.  Reduction  is  difiicult  in  a  sintered 
product. 
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86.  Prkunsb,  G.     Das  Gleichgewicht  zwischen  Eisen,  Eisenoxyduloxyd,  Was- 

serstoff  und  Wassardampf.  Ztschr.  phya  Chem.,  Bd.  47,  1904,  pp. 
385-417.  Gives  equilibrium  data  for  system  Fe,  Fe»0«,  Hb,  and  HsO. 
(See  pp.  44^46  of  this  buUetin.) 

87.  Rhsad,  T.  F.  K,  and  Wheeler,  R.  V.    The  effect  of  temperature  on  the 

equilibrium  2CX)?dtCOa+C.  Jour.  Ghem.  Soc..  vol.  97,  1910,  pp. 
.  2178-2179.  Wood  charcoal  was  heated  48  to  240  hours  at  temperatures 
of  850*"  to  14200"  C.,  and  the  equilibrium  constant  K  was  calculated 
at  the  various  temperatures  from  the  analysis  of  the  resulting  gases. 

88. The  effect  of  temperature  and  of  pressure  on  the  equilibrium 

2CO?:±CO,-hC.  Jour.  Chem.  Soc.,  vol.  99,  1911,  pp.  1140-1163.  Tables 
are  given  showing  the  composition  of  the  resulting  gases  at  tempera- 
tures of  800"*  to  1,100"  C.  and  pressures  of  1.11  to  1.33  atmospheres. 

89. The  rate  of  reduction  of  carbon  dioxide  by  carbon.    Jour.  Ghem. 

Soc..  vol.  101,  1912,  pp.  831-845.  Critical  discussion  of  results  €(f 
other  investigators.  Concludes  that  in  manufacture  of  producer  gas 
temperatures  should  be  1400^  C.  or  more  to  insure  reduction  of  GO» 
to  CO. 

90.  ScHENCK,  Rudolph.    Physikalische  Chemie  der  Metalle.    Halle,  1909,  193 

pp.  Pages  112  to  136  are  on  oxidation  and  reduction;  pages  137  to 
165  treat  of  blast-furnace  gases  and  equilibrium  of  various  systems, 
such  as  CO^  CO,  G,  Fe,  Fe>Oa,  etc. 

91.  SosMAN,  R.  B.    Some  problems  of  the  oxides  of  iron.    Jour.  Wash.  Acad. 

ScL,  vol.  7,  1917,  pp.  55-72.  Reviews  present  knowledge  regarding  the 
oxides  of  iron  relative  to  the  phase  rule.  Discusses  the  relation  of 
iron  oxides  to  certain  geological  problems. 

92.  SosMAN,  R.  B.,  AI7D  HosTETTEB,  J.  C.    The  oxides  of  iron.    1.  Solid  solutions 

in  the  system  Fe»0»-Fe«0«.  Jour.  Am.  Chem.  Soc.,  vol.  38,  1916,  pp. 
807-^833.  Reports  investigation  unclertaken  as  basis  for  study  of  iron- 
bearing  silicates  at  high  temperatures,  giving  results  of  measurements 
of  dissociation  pressures  of  the  iron  oxides  made  in  vacuum  furnace. 
93. ^  The  reduction  of  iron  oxides  by  platinum,  with  a  note  on  the  sus- 
ceptibility of  iron-bearing  platinum.  Jour.  Wash.  Acad.  Sci.,  vol.  5, 
1915,  pp.  293-303.  States  that  platinum  acts  on  hematite  and  mag- 
netite at  1,200^  G.  under  low  0>  pressures,  absorbing  Fe  and  giving  off 
Oi;  reacts  in  the  same  way  with  magnetite  at  1,600^  G.  and  Os  at 
atmospheric  pressure. 

94.  Stoffkl,  a.    Ueber  die  Reaktion  zwischen  Kohlenoxyd  und  Eisen.    Ztschr. 

anorg.  Ghem.,  Bd.  84,  1914,  pp.  56-76.  Reports  results  of  a  study  of 
velocity  of  formation  of  Fe(CO»)  from  Fe  and  CO  and  effect  of  various 
factors  on  the  velocity.  When  CO  was  passed  over  Fe  powder  at  a 
pressure  of  1  atmosphere  the  reaction  was  at  first  rapid,  becoming 
slower  as  the  amount  of  CO  absorbed  increased,  but  still  continuing 
after  one  week.  Decompositicm  occurred  above  60''  to  70**  C.  and  was 
complete  at  100"*  G. 

95.  Walden,  p.  T.  On  the  dissociation  pressure  of  ferric  oxide.    Jour.  Am.  Ghem. 

Soc,  vol.  30,  1908,  p.  1350.  Author  determined  the  pressure  curve  corre- 
sponding to  the  reaction  3FesOa4=±2Fes04+0.  At  about  1,350''  C.  the 
pressure  was  found  to  be  160  mm. 

96.  Watcerbkbo,  H.  von.    Ueber  die  Reduktion  der  KleselsHure.    Ztschr.  anorg. 

Chem.,  Bd.  79,  1912,  pp.  71-87.  States  that  partial  pressure  of  Si 
vapor,  assuming  that  it  is  monatomic,  is  3X10^  at  1,315^  C,  and 
that  SiOa  is  reduced  and  sublimes  in  H2  and  also  In  CO  at  1,350**  to 
1.400**  C. 
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HELTIKa  AKB  SOFTENING  TEHPEBATUBES  OF  OXIDES,  SUL- 
PHIDES, SILICATES,  MIXTXTBES,  AND  SLAOS. 

97.  Akebmann,  R.     Ueber  die  Bildtrngstemperaturen  der  HochofenschlackeQ. 

Stahl  und  Eisen,  Jahrg.  10,  1890,  pp.  424-425;  abstracted  in  Jour. 
Iron  and  Steel  Inst,  1890,  pt.  2,  p.  760.  Discusses  Gredt's  determina- 
tions of  the  formation  temperatures  of  slags  and  compares  his  results 
with  those  obtained  by  the  calorimetric  method.  The  latter  method 
gave  lower  results.  Gives  the  specific  heat  of  blast-furnace  slags  as 
between  0.29  and  0.33. 

98.  Becker,  E.    Ueber  das  Zustandsdiagramm  Schwefel-Eisen  und  den  durch 

Schwefel  hervorgurfen  Rotbruch.  Stahl  und  Elsen,  Bd.  32,  1912.  pp. 
1017-1021 ;  abstracted  in  Jour.  Iron  and  Steel  Inst.,  vol.  86,  pt.  2,  1912, 
pp.  604-605.  Deals  with  equilibrium  of  the  system  iron-sulphur ;  givea 
eutectic  mixture  as  84.6  per  cent  iron  sulphide  and  15.4  per  cent  iron, 
melting  at  985"". 

99.  BisHOF,  Carl.    Relative  Schmelzbarkelt  der  Sillkate  de^  Eisens,  des  Kalks, 

der  Magnesia  und  der  Thonerde.  Dingl.  poly.  Jour.,  Bd.  165,  1862,  pp. 
378-381.    Gives  relative  fusibilities  of  Iron  and  lime  silicates. 

100.  Bleininqer,  a.  v.,  and  Brown,  G.  H,    The  testing  of  clay  refractories, 

with  special  reference  to  their  load-carrying  capacities  at  furnace  tem- 
peratures. Tech.  Paper  No.  7,  U.  S.  Bureau  of  Standards,  1911,  78  pp. 
Discusses  Seger  cones  and  their  uses ;  Infiu^ice  of  viscosity ;  and  effects 
of  various  constituents  of  fire  clays  upon  the  softening  temperature& 
See  also  No.  42. 

101.  BouDouARD,  O.    Experiments  on  the  fusibility  of  slags.    Jour.  Iron  and 

Steel  Inst.,  vol.  67,  1905,  pp.  339-382.  Fletcher  gas  furnace  was  used 
for  temperatures  up  to  1,450**  C,  and  Deville  furnace  for  higher  tem- 
peratures. Gives  softening  temperatures  of  silicates  of  AlaOs  and  of 
CaO;  of  aluminates  of  CaO;  and  of  aluminocalcic  silicates.  Results 
are  represented  by  triaxial  diagrams.  Also  gives  softening  temper^ 
atures  of  a  number  of  industrial  slags. 

102.  Cobb,  J.  W.    The  synthesis  of  a  glaze,  glass,  or  other  complex  silicate. 

Jour.  Soc.  Chem.  Ind.,  vol.  29, 1910,  pp.  69-74,  250-259,  333-336,  399-404, 
608-614,  799-802.  Exx)eriments  were  performed  in  laboratory  muffle 
furnace  and  in  large  works  furnace.  Draws  conclusions  on  progress 
of  slag  formation  by  determining  ingredients  that  were  (1)  "quidsly 
soluble"  (SiOi,  CaO,  etc.,  extracted  by  N-HCl  in  one  hour),  (2)  "slowly 
soluble  "  (successive  treatment  with  N-HCl,  24-hour  periods,  until  only 
trace  resulted)  and  (3)  "silica  soluble  in  Na^CO."  (SiOt  extracted  by 
hot  5  per  cent  NaaCOs  in  15  minutes).  Describes  physical  condition  or 
degree  of  progress  toward  fusion.  Gives  results  with  two  samples  of 
broken  glassware. 

103.  DAT,  A.  L.,  AND  SosMAN,  R.  B.    The  melting  points  of  minerals  in  the  light 

of  recent  investigations  on  the  gas  thermometer.  Am.  Jour.  Sd.,  vol. 
31,  1911,  pp.  341-349.  Gives  a  series  of  melting  points,  with  bibli- 
ography. 

104.  DiTTLKR,  Emil.    The  melting  points  of  potassium-sodium  feldspars.    Tech. 

Min.  Petr.  Mittl.,  Bd.  31,  1914,  pp.  513-522 ;  Keram.  Rundschau.,  Bd.  21. 
1914,  pp.  390-391 ;  Chem.  Abs.,  vol.  8, 1914,  p.  222.  Presents  table  show- 
ing chemical  analysis  and  mineralogical  constitution  of  feldspars  used 
and  their  fusion  temperatures.  Melting  points  of  albite  silicates 
lowered  by  addition  of  orthoclase  silicates  up  to  40  to  43  per  cent  of 
latter ;  with  larger  proportion  the  melting  point  is  raised. 
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105.  Flach,  G.    Ueber  die  Wirkung  von  Metalloxyden  auf  den  Schmelzpnnkte 

von  Quarz-Zettlltzer-Kaolln-Mischungen.  Sprechsaal.  Jahrg.  44,  1911, 
pp.  171-173,  187-189,  205-207,  219-220,  and  626.  Gives  tables  showing 
effects  of  various  oxides,  among  them  CaO,  MgO,  NajO,  KtO,  FeO,  on 
mixtures  of  quartz  and  Zettlitz  kaolin.  Temperature  measurements 
expressed  in  terms  of  Seger  cones.  Revision  of  works  of  Richter, 
Bishof,  Seger,  and  others. 

106.  French,  A.  T.    Some  analyses  of  copper  blast  furnace  slags  and  determi- 

nations of  their  melting  points.  Mining  Scl.,  vol.  61,  1910,  pp.  133-134. 
Used  muffle  furnace  and  Seger  cones;  did  not  consider  temperature 
even  throughout  muffle.  Results,  for  a  series  of  10  slags,  show  that 
slag  of  highest  melting  point  contained  most  AlaO.  and  that  slag  of 
lowest  melting  point  contained  least  AliOg. 

107.  Fulton,  C.  H.    The  constitution  and  melting  points  of  a  series  of  copper 

slags.  Trans.  Am.  Inst.  Mln.  Eng.,  vol.  44,  1912,  pp.  751-180.  Used  a 
carbon-resistance  furnace  and,  by  thermal  method,  determined  melting 
points  of  a  number  of  copper  slags.  Concludes  that  slags  of  lowest 
melting  points  lie  between  1.4  and  1.65,  silicate  degree. 

108.  Gbedt,  Paul.     Ueber  die  Blldungs-temporaturen  der  Hochofenschlacken. 

Stahl  und  Elsen,  Bd.  9,  1889,  pp.  756-759.  Gives  formation  tempera- 
tures of  a  number  of  synthetic  blast-furnace  slags,  composed  of  SlOs, 
AljOb,  and  CaO,  and  SiO»,  AUG.,  CaO,  and  MgO.  Expresses  tempera- 
tures in  terms  of  Seger  cones. 

109.  HorHAN,  H.  O.    Some  experiments  determining  the  refractoriness  of  fire 

clays.  Trans.  Am.  Inst.  Min.  Eng.,  vol.  24,  1894,  pp.  42-^.  He  states 
that  Seger  cones  are  not  true  pyrometers,  as  the  change  from  a  mix- 
ture to  a  compound  is  not  a  function  of  temperature  alone,  but  depends 
also  on  the  manner  of  firing,  the  time  of  heating,  and  the  form  of 
furnace. 

110. .    The  temperatures  at  which  certain  ferrous  and  calcic  silicates 

are  formed  In  fusion,  and  the  effect  upon  these  temperatures  of  the 
presence  of  certain  metallic  oxides.  Trans.  Am.  Inst.  Min.  Eng.,  vol. 
29,  1899,  pp.  682-721.  Describes  softening-temperature  determinations 
made  in  a  gas  furnace  having  a  reducing  atmosphere,  the  slag  mixture 
being  molded  into  small  cones,  §i  by  J  inch,  and  the  temperatures 
being  measured  with  Seger  cones.  Gives  table  showing  effect  on  soften- 
ing point  of  replacing  SiOa  with  AhOa  (temperature  increases  with 
increase  of  AlaOs) ;  also  table  showing  effect  of  replacing  FeO  and  CaO 
with  AUO«. 

111.  HoFHAN,  H.  O.,  AND  Stoughton,  B.    Does  the  size  of  the  particle  have  any 

influence  in  determining  the  resistance  of  fire  clays  to  heat  and  to  fluxes? 
Trans.  Am.  Inst.  Min.  Eng.,  vol.  28,  1898,  pp.  440-444.  Concludes  that, 
as  tables  show  only  slight  difference  in  temperature  of  fusion  between 
pulverized  and  rough  samples,  the  laboratory  method  of  grinding  to  a 
powder  will  give  results  directly  comparable  with  those  obtained  in 
practice  on  larger  and  coarser  samples. 

112,  Howe,  H.  M.    Preliminary  note  on  the  thermal  properties  of  slagS.    Trans. 

Am,  Inst.  Min.  Eng.,  vol.  18,  1890,  pp.  724r-747.  Used  a  gas  furnace  and 
calorimetric  method  of  determining  temperature.  Gives  softening  tem- 
peratures of  various  CaO,  MgO,  and  SiOa  mixtures,  both  with  and 
without  previous  heating  to  higher  temperature.  Gives  melting  point 
of  CaO.SiOa  as  1,381*"  C.  Thinks  that  formation  temperatures  are 
higher  than  melting  temperatures. 
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113.  .  Metallurgical  laboratory  notes.  Boston  Testing  Laboratories,  Bos- 
ton, 1902,  pp.  46-69.  Discusses  melting  points  of  silicates.  Uses  cone 
method,  making  pyramid  with  {-inch  base  and  1}  inches  higli,  of  100- 
mesh  material,  with  a  binder  of  10  to  15  iier  cent  vaseline  mixed  with 
heavy  lubricating  olL 

114.  Johnson,  W.  McA.    A  new  apparatus  for  determining  the  melting  poibts 

of  slags.  Jour.  Ohem.  Met  Min.  Soc.  South  Africa,  vol.  7, 1906-7,  p.  98. 
Slag  allowed  to  drop  through  hole  in  cylinder  of  Acheson  graphlta 

115.  Kanolt,  C.  W.    Melting  points  of  fire  bricks.    Tech.  Paper  No.  10,  U.  S. 

Bureau  of  Standards,  1912,  17  pp.  Gives  melting  points  of  54  samples 
of  fire  bricks,  including  fire  day,  bauxite,  silica,  magnesia,  and  chromite 
brick,  determined  in  Arsem  vacuum  furnace  with  Morse  optical  pyroine- 
ter.  Melting  points  were  as  follows:  Kaolin,  1,740''  G.;  pure  AlsOi, 
2,010**  C. ;  pure  SiO*,  1,750*  0. ;  bauxite,  1320**  C. ;  bauxite  clay,  1,795' 
C. ;  and  chromite,  2,180*  C. 

116. .  Melting  points  of  some  refractory  oxides.    United  States  Bureau 

of  Standards  Bull.,  vol.  10,  No.  2,  212,  1914,  pp.  295-814.  With  same 
methods  as  described  in  Technologic  Paper  10,  author  determined  fol- 
lowing melting  points :  MgO,  2,800"  C. ;  CaO,  2,572*  0. ;  AUQ^  2,050*  C. ; 
CriO.,  1,990*  C. ;  and  Pt.  1,755*  O. 

117.  KuLTAscHEFF,  N.  V.    Ueber  die  Schmelzpunkte  von  Caldumsilikat  (CaSiOs), 

Natriumsilikat  (NaiSiOt)  und  ihren  Mischungen.  Ztschr.  anorg. 
Ohem.  Bd.  35,  1903,  pp.  187-193.  Gives  tables  of  melting  points,  from 
pure  NasSiOt  at  1,007*  G.  to  mixture  of  15  per  cent  Na«SiOfe  and  S5 
per  cent  GaSiOi  at  1,150*  C.  (Melting  pure  GaSiCH  above  1,400*  C). 
Used  thermal  method  in  getting  freezing-point  curve. 

118.  Lettheikr,    H.   von.     Zur   Kenntnis   der   Schmelzpunkte  von   Sllikaten. 

Dor  Einfluss  der  KorngrOsse  auf  den  Schmelzpunkte.  Bestinunung  des 
Schmelzpunktes  einiger  Silikate  durch  l&ngeres  Erhitzen.  Ztschr. 
anorg.  Ghem.  Bd.  81,  1913,  pp.  209-232.  Used  Heraeus  platinum  fur- 
nace, with  thermocouple.  Gives  sintering  and  melting  points  for  series 
of  natural  minerals,  showing  influence  of  size  of  particles.  DUfereoc-e 
for  coarse  (3  to  4  mm.  diameter)  and  fine  (40  mm.  in  diameter) 
particles  ranged  up  to  70*  G.  Leitmei^'s  melting  temperatures  are 
really  softening  temperatures,  that  is,  none  represent  the  equilibrium 
point  of  solid  liquid. 

119.  LoEBE,   R.,   AND  Becker,   E.    Das   System   Eisen-Schwefelelsen.    Ztschr. 

anorg.  Ghem.,  Bd.  77,  1912,  pp.  301-319.  The  two  components  fomi  no 
mixed  crystals,  though  Fe  may  be  slightly  soluble  in  FeS.  MeltiDj: 
point  of  FeS  is  1,198*  G. 

120.  Mathesius,    W.     Die  Entstehung  der   Schlacken   in   hllttenm&nnisehen 

Prozessen;  die  Konstitution  der  Schlacken,  ihre  industrielle  Verwer- 
tung.  Stahl  und  Eisen,  Bd.  24,  1904,  pp.  1000-1007.  Discusses  origin 
and  utilization  of  slags ;  does  not  give  formation  or  melting  points  or 
results  of  original  work. 

121.  Nacken,  R.     Vergleich  der  optischen  und  der  thermischen  Methode  snr 

Bestimmung  von  Schmelz- tempera turen.  ( (}ompares  optical  and  thermal 
methods  for  the  determination  of  melting  points. )  Gentralbl.  Min.  €}eoL. 
1913,  pp.  328-337 ;  Ghem.  Abs.  vol.  7, 1913,  p.  3097.  Shows  discrepandt^ 
existing  in  values  given  in  literature.  Author  states  that  by  great  care 
he  obtained  optical  results  that  agree  well  with  those  obtained  by 
thermal  method. 
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122. ,     Ueber  die  Bestimznung  der  Schmelz-temperaturen  von  Sillkaten 

auf  optlschen  Wege  (determinatioD  of  fusioD  temperature  of  silicates 
by  an  optical  method).  Silikat  Ztschr.,  Jahrg.  1,  1913,  pp.  65-67; 
Ghem.  Abs.,  vol.  7,  1913,  p.  4053.  Substance  was  heated  In  platinum- 
resistance  furnace,  and  observations  were  made  through  polarizing 
microscope;  melting  point  is  given  as  temperature  at  which  inter- 
ference colors  disappear. 

123.  RiEKi;  R.  Das  Richters*sche  Qesetz.  Bin  Beitrag  zur  Kenntnis  der  Fluss- 
mitteiwirkung.  Sprechsaal,  Jahrg.  43,  1910,  pp.  198-199,  214-216,  229- 
232.  Discusses  an  extensive  investigation  of  the  fluxing  action  of  the 
basic  oxides,  used  in  the  ceramic  industries,  on  Zettlitz  kaolin  and 
mixtures  of  quartz  and  kaolin.  The  raw  materials,  as  kaolin,  quartz, 
limestone,  iron  oxide,  etc.,  were  ground  wet  in  a  ball  mill.  Some  of  the 
mixtures  were  ground  dry,  ignited  in  a  kiln,  and  again  ground.  The 
softening  points  of  the  mixtures  were  determined  in  a  carbon  resist- 
ance furnace  by  comparison  with  standard  pyrometric  cones. 

124. ^.     Ueber  die  Schmelz-barkeit  von  Kalk-Tonerde-Kieselsfture  Mis- 

chungen.  Stahl  und  Eisen,  Bd.  28,  1908,  pp.  16-19;  Abs.  Jour.  Soc. 
Ghem.  Ind.,  vol.  27,  1906,  p.  123.  Discusses  fusibility  of  lime-alumina- 
silica  mixtures.  The  mixture  was  molded  into  small  cones,  and  the 
softening  points  were  measured  by  Soger  cones.  Mixtures  with  more 
than  50  per  cent  GaO  crumbled  into  powder  when  cooled  slowly. 

125.  RuTF,  Otto.  Arbelten  im  Gebiet  hoher  Temperaturen :  Ueber  das 
Schmelzen  und  Verdampfen  unserer  feuerbestftndigsten  Oxyde  im  elek- 
triscben  Yakuumofen.  Ztschr.  anorg.  Ghem.,  Bd.  82,  1913,  pp.  373-400. 
I^urther  work  on  material  mentioned  in  No.  126  following. 

126. .    Veber  einen  elektrischen  Yakuumofen.    Ber.  Deut.  Ghem.  Gesell., 

Bd.  43,  1910,  pp.  1564-1574.  Describes  carbon-tube-resistance  vacuum 
furnace  and  its  uses  in  melting  and  vaporizing  oxides.  Gives  melting 
points,  as  follows:  Pt,  1,745"*  to  1,755''  0.;  kaolin,  1,912^  a;  and 
AU)k(in  NO,  2,065"*  O. 

127.  Ruff,  O.,  ahd  Goeke,  O.    Ueber  das  Schmelzen  und  Yerdampfen  unserer 

sogenannten  hochfeuerfesten  Stoifa  Ztschr.  angew.  Ghem.,  Bd.  24, 
1911,  pp.  1450-1465.  Discusses  investigations  on  the  melting  and 
vaporization  of  highly  refractory  materials.  An  electric  vacuum  fur- 
nace and  a  Wanner  pyrometer  were  used.  Gives  melting  point  of 
AlaO.  at  2,020**  G. 

128.  Beger,  H.  a.    Gollected  writings;  translated  by  members  of  the  American 

Geramic  Society  and  edited  by  A.  Y.  Bleininger.  Easton,  Pa.,  1902, 
2  vols.,  1157  pp.  Pages  519  to  520  are  on  "  The  effect  of  titanic  acid 
on  the  fusibility  of  fire  days  " ;  author  considers  that  TiOa  has  greater 
fluxing  power  than  Si(V.  Pages  1005  to  1027  give  data  on  use  of  Soger 
cones. 

129.  Smolensky,  S.    Schmelzversuche  mit  Bisilikaten  und  Titanaten.    Ztschr. 

anorg.  Ghem.,  Bd.  73»  1911-12,  pp.  293-303.  States  that  thermal 
method  was  used  to  determine  melting  points  of  various  mixtures  of 
GaSiOs  and  GaTIOs,  BaSiQi,  and  BaTiO^  and  MnSiOs  and  MnTiO.. 
A  kryptol  resistance  furnace  and  a  Pt-PtRh  thermocouple  were  used. 
In  general,  the  addition  of  TiOi  lowered  the  melting  point. 

130.  Sfbechsaal  Kalendeb.     Schmelzpunkte.     Jahrg.  8,  Goburg,  1916.     Gives 

melting  points  of  oxides,  silicates,  and  various  mixtures. 


134  FUSIBIUTY  OF  COAL  ASH. 

131.  Stefte,  Herman.     Ueber  die  Bildungstemperaturen  elniger  Eisenoxydul- 

Kalkschlacken  und  einiger  kalkfreien  Eisenoxydul-schlacken,  deren 
Kenntniss  ftir  das  Verschmelzen  der  Blelerze  Bedentung  hat  Disserta- 
tion. Berlin,  1906.  Gives  formation  temperatures  of  some  ferro-calcic 
and  ferrous  slags.  Observations  made  of  sintering  temperature  of 
mixture  when  heated  in  a  platinum  boat  in  a  current  of  nitrogen. 
Temperatures  were  measured  with  thermocouple. 

132.  Stein,  G.    Ueber  die  Darstellung  einiger  Silikate.    Ztschr.  anorg.  Chenu, 

Bd.  55, 1907,  pp.  159-174.  The  optical  method,  with  Wanner  pyrometer, 
was  used  for  determining  melting  and  Inversion  points  of  various 
silicates  (AlaOs,  FeO,  etc.).  Discusses  formation  of  Ca,  Sr,  and  Ba 
carbides  in  the  presence  of  SiOa. 

133.  Treitschke,  W.,  and  Tammann,  G.    Ueber  das  Zustands-diagramm  von 

Eisen  und  Schwefel.  Ztschr.  anorg.  Chem.,  Bd.  49,  1906,  pp.  320-335. 
Determines  cooling  curve  by  thermal  method,  obtaining  two  **8top 
points  "—one  at  ^O**  O.  and  one  at  1.400**  C. 

134.  White,  W.  P.    Melting-point  determinations.    Am.  Jour.  ScL,  voL  28.  1909, 

pp.  453-473.  Gives  theoretical  and  mathematical  considerations  re- 
garding the  thermal  method  for  determining  melting  points.  Clt^ 
reasons  for  the  variations  that  have  been  observed  and  mentions  pre- 
cautlon& 

135.  .  Melting-point  methods  at  high  temperatures.    Am.  Jour.  Sci^  voL 

28,  1909,  pp.  474r^489.  Describes  furnace  and  thermo  elements  used, 
giving  best  methods  for  making  melting-point  determinations  up  to 
1,600**. 

136.  Anonyicous.    Formation  temperatures  of  ferrous  ozide-lime-sllica  slags. 

Trans.  Am.  Inst.  Min.  Eng.,  vol.  31,  1901,  p.  862;  carves  plotted  from 
Hofman's  paper.  Trans.  Am.  Inst  Mln.  Eng.,  vol.  29,  1899,  pp. 
682-721,  showing  effect  on  fusion  temperature  of  replacing  GaO  by 
MgO  and  slag  constituents  by  AUOs.    See  also  No.  63. 

137. .    Schmelzpunkte  von  Oxygen,  Slllkaten,  Boraten  und  Alominaten 

und  deren  eutektlschen  Gemlschen.  Sprechsaal,  Jahrg.,  44,  1911,  pp. 
710-713,  729-731,  and  744-746.  Presents,  from  various  sources,  a 
tabulation  of  results  conveniently  arranged. 

PYBOMETBIG  CONES;  THEIB  USE  IN  HEASITBING  TEMPEBATTTRE. 

138.  American  Ceramic  Society.    Report  of  committee  on  Seger  cones.    Trans., 

vol.  3,  1901,  pp.  180-192.  The  committee  was  appointed  to  Investigate 
reasons  for  unsatisfactory  behavior  of  low-melting  cones,  mainly  those 
containing  FesOa.  Suggests  that  boric  acid,  affected  by  S  In  the  gas, 
and  perhaps  OaGos,  changed  to  CaSO«  by  S  in  gas  may  be  the  cause  of 
trouble. 

139.  Ashley,  H.  F.    A  comparison  of  the  various  makes  of  Seger  cones  on  the 

market.  Trans,  Am.  Cer.  Soc,  vol.  8,  1906,  pp.  159-167.  Compares 
German,  English,  and  various  American  makes  of  cones  In  48-honr 
bums  in  ceramic  kilns. 

140.  Brown,  G.  H.,  and  MuaaAY,  G.  A.    The  function  of  time  in  the  vitrifica- 

tion of  clays.  Tech.  Paper  No.  17,  U.  S.  Bureau  of  Standards,  1913, 
26  pp.  Shows  that  rate  of  heating  has  decided  bearing  on  the  soften- 
ing points  of  Seger  cones  and,  in  general,  that  the  effect  of  time  In 
firing  of  clay  products  Is  Important. 
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141.  Geiosbeck,  S.  The  fusing  points  of  Seger  cones  expressed  in  degrees. 
Trans.  Am.  Cer.  Soc.,  vol.  6,  1904,  pp.  04-108.  Discusses  the  advisa- 
bility of  expressing  the  melting  points  of  cones  in  degrees.  Orton 
and  others  opposed  to  such  procedure. 

142. .    The  melting  points  of  pyrometric  cones  under  various  conditions. 

Trans.  Am.  Cer.  Soc.,  vol.  14,  1912,  pp.  849-871.  Ck>ncludes  that  rate 
of  heating  has  much  to  do  with  melting  points  of  Seger  cones  and 
that  they  can  not  be  used  for  measuring  temperature. 

143.  GoBTON  E.  E.    Remarks  on  Seger  cones.    Trans.  Am.  Cer.  fioc.,  vol.  2, 

1900,  pp.  60-73.  General  discussion  of  application  of  Seger  cones 
to  ceramic  industry,  with  especial  reference  to  variable  indications  of 
the  low-melting  cones  containing  Fe^C^ 

144.  Hoffman,  Db.  G.    Priifung  der  SegerkegeL    Tonind.    Ztg.,  Bd.  83,  1900, 

pp.  1577-1580.  Measured  softening  i>oints  of  cones  26  to  35  in  an 
iridium  tube  furnace  using  Ir-Ir-Ru  thermocouple.  His  results  are 
lower  than  estimated  melting  temperatures  by  5°  to  60*  C. 

145. .  Priifung  der  Segerkegel.     Tonid.  Ztg.,  Bd.  35,  1911,  pp.  1099- 

1100;  Sprechsal,  Bd.  44,  1911,  pp.  143-145.  Ck)ntinuation  of  work  de- 
scribed in  144,  in  which  author  compares  softening  temperatures  as 
obtained  in  iridium  furnace  with  optical  pyrometer  or  thermocouple, 
in  the  laboratory  of  the  Reichsanstalt,  with  average  values  obtained 
in  industrial  ceramic  kilns.  The  fusion  temperatures  are  35*  to  95** 
C.  lower  in  ceramic  kilns  than  the  accepted  Seger  cone  figures,  and 
40"  to  110*  C.  lower  than  results  obtained  in  Iridium  furnace. 

146.  RiEKE,  R.    Die  Schmelzpunkte  der  Segerkegel  022-15.    Sprechsaal,  Bd. 

44,  1911,  pp.  726-729,  741-744;  Tonind.  Ztg.,  Bd.  35,  1911,  pp.  1751- 
1757.  Although  some  cones  fused  at  a  temperature  lower  than  accepted 
figures,  on  slow  heating  other  cones  showed  opposite  behavior.  All 
cones  fused  at  a  lower  temperature  when  heated  slowly  than  with 
rapid  heating ;  differences  were  as  great  as  60*  to  100*  C. 

147.  SiMONis,  M.    Segerkegel  022  bis  7.    Tonind.  Ztg.,  Bd.  82,  1908,  pp.  1764- 

1768.  The  object  of  the  investigation  described  in  this  article  was 
to  overcome  troubles  encountered  with  cones  that  fuse  at  low  tem- 
peratures.   Ck)nes  tested  were  free  from  lead. 

148.  SosHAN,  R.  B.    The  physical  chemistry  of  Seger  cones.    Trans.  Am.  Cer. 

Soc.,  vol.  15,  1913,  pp.  482-498.  Shows  the  influence  of  eutectics  on 
the  deformation  temperatures  of  Seger  cones.  States  that  the  existanoe 
and  influence  of  these  eutectics  makes  temperature  measurements  by 
cones  uncertain. 

149.  ZiHMEB,  W.  H.    Practical  experience  with  pyrometers.    Trans.  Am.  Cer. 

Soc.,  vol.  1,  1899,  pp.  22-42.  Seger  cones  measure  heat  effect  rather 
than  temperature,  therefore  are  of  especial  value  in  ceramic  Industries 
in  firing  kilns. 

150.  See  also  No.  128. 

F7B0METEBS  AND  THE  MEASUREMENT  OF  HIGH  TEMPERATURE. 

loL  BiDWEix,  C.  C.  Actual  and  black-body  temperatures.  Sci.  Abs.  vol.  17, 
A,  1914,  p.  539 ;  Phys.  Review,  vol.  3,  1914,  pp.  439-449.  Comparisons 
are  made  between  actual  and  black-body  temperatures  of  Fe,  Au,  Ag, 
Co,  and  Nl,  both  solid  and  liquid,  over  the  range  1,000*  to  2,000*  C, 
absolnta 

152.  BiTBGESS,  G.  K.  The  estimation  of  the  temperature  of  copper  by  optical 
pyrometers.  U.  S.  Bureau  of  Standards  Bull.,  vol.  6,  No.  1,  October, 
1909;  pp.  111-119.    Describes  experiments  in  which  the  temperature 
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of  solid  and  liquid  copper  was  measured  with  thermocouple  and  various 
optical  pyrometers. 

153.  BtJSGESs,  G.  K.,  AND  Le  Chatelieb,  H.    The  measurement  of  high  tem- 

peratures. Third  ed.,  1912,  510  pp.  AuthorltaUve  discussion  on  the 
thermo-electric  pyrometer,  the  optical  pyrometer,  and  the  standardlxa- 
tion  of  pyrometers.  The  discussion  covers  thoroughly  the  pyrometers 
used  in  the  work  described  in  this  bulletin,  giving  the  theory  of  and 
directions  for  their  use. 

154.  BuBOE^s,  G.  K.,  AND  Wabtbnbkbo,  R.  G.    The  emlsslvlty  of  metals  and 

oxides ;  measurements  with  the  mlcropyrometer.  Jour.  Franklin  InsL. 
vol.  178,  1914,  p.  778.  Describes  a  mlcropyrometer  of  the  Holbom- 
Kurlbaum  type. 

155.  FooTE,  P.  D.    A  note  on  the  calibration  of  optical  pyrometers.    Met  Ghem. 

Eng.,  vol.  11,  1918,  pp.  97-98.  Describes  an  inexpensive  graphite  cru- 
cible for  getting  black-body  temperatures — a  sulxstitute  for  the  rather 
expensive  Lummer-Kurlbaum  apparatus.  Author  determined  melting 
and  freezing  points  of  Cu,  Ag-Cu  eutectic,  and  Sb. 

168. .    Ck)ld-Junction  corrections  for   thermocouples.    Met  Ohem.    Kng., 

voL  11,  1913,  pp.  829-833.  Gorrectlons  and  mathematical  calculations 
for  observations  in  which  cold  Junction  Is  not  kept  at  sera  Describes 
various  devices  for  eliminating  cold-Junction  corrections. 

157.  Habkeb,  J.  A.    Measurements  of  elevated  temperatures.    O^ramique,  t.  18, 

1913,  p.  40 ;  Chem.  Abs.,  vol.  7, 1913,  p.  1961.  Presents  four  tables  giving 
temperatures  of  a  few  sources  of  heat  practical  capacity  of  instru- 
ments for  measurement  of  temperature,  and  correspondence  of  colors 
and  temperatures. 

158.  NoBTHBUP,  E.  F.    Temperatures  and  the  properties  of  matter.    Met  Ghem. 

Eng.,  vol.  10, 1912,  pp.  352-856.  Reviews  recent  advances  in  the  estab- 
lishment of  a  standard  scale  of  temperatures  and  discusses  propertl^ 
of  matter  at  very  high  and  very  low  temperatures. 

159.  PniANi,  M.  VON.    Optical  temperature  measurements.    Ber.  physik.    Gesell., 

1911,  pp.  19-25 ;  Ghem.  Abs.,  vol.  5, 1911,  p.  1553.  Describes  a  proposed 
convenient  method  for  correcting  temperature  measur^nents  with 
optical  pyrometers. 

160.  PiBANi,  M.  VON,  AND  Meteb,  A.  R.    tfbeT  die  Elchung  von  Pyrometerlampen 

vermittels  zwei  Temperaturflxpunkte.  (The  calibration  of  pyrometer 
lamps  by  means  of  two  fixed  temperatures.)  Ztschr.  wlss.  Photochem., 
Bd.  10,  1912,  pp.  185-137 ;  Chem.  Abs.,  vol.  6,  1912.  p.  1251.  For  fiU- 
ments,  such  as  are  used  in  Holbom-Kurlbaum  pyrometer. 

161.  Waidner,  G.  W.,  and  Bubqess,  G.  K.    Platinum  resistance  thermometry 

at  high  temrperatures.  U.  S.  Bureau  of  Standards  Bull.  2,  vol.  6.  No- 
vember, 1909,  pp.  149-230.  Discusses  the  Pt-PtRh  thermocouple,  giving 
determinations  of  a  number  of  melting  points,  with  bibliography. 

162.  Whipple,  R.  S.    Modem  methods  of  measuring  temperature.    Proc.  Inst. 

Mech.  Eng.,  vol.  77,  1913,  pp.  717-775.  Gives  history  of  pyrometry  and 
discusses  various  means  of  measuring  temperatures,  with  special  refer- 
ence to  the  use  of  pyrometers  in  industrial  plants. 

LABORATORY   FTTRNAGES   FOB   HXGH-TEMPB&ATUBE   WOBK. 

163.  Absek,  W.  G.    The  electric  vacuum  furnace.    Trans.  Am.  Electrochem,  Soc., 

vol.  9,  1906,  pp.  153-171.  Describes  furnace  with  heating  unit  made 
from  graphite  in  form  of  a  helix,  all  inclosed  in  gas-tight,  wat^-cooled 
metal  jacket.  Author  obtained  temperatures  up  to  (p^'haps  beyond) 
3,000"  C,  using  maximum  of  13  k.  v.  a. 
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164.  CusBC,  L.,  AND  MiNET,  A.  Sur  QD  npnveau  four  ^lectriqne  H  arc,  aiq[>Ucable 
aux  recherches  de  laboratolre.  Gompt  rend.,  t  146,  1908,  p.  227; 
Moniteur  Sci.,  t  22,  1908,  p.  154.  Describes  an  electric-arc  furnace  of 
1  to  2  kilowatt  capacity,  manufactured  in  Paris. 

165. .  Untersuchungen  ttber  den  electrischen  Ofen.    Electrochem.  Ztschr^ 

Bd.  15.,  1908,  pp.  97-100 ;  Chem.  Aba,  vol.  2,  1908.  p.  3196.  Describes 
an  arc  furnace,  Moisson  type,  with  values  for  current,  voltage,  etc. 

166l  Golhank,  D.  F.,  and  Baud,  E.  E.  An  efficient  electric  furnace  for  Idgtk 
temperatures.  Met.  and  Chem.  Eng.,  vol.  10,  1912,  pp.  461-463.  A 
carbon-resistance  furnace,  external  parts  of  cement,  refractories  of 
alundum.    Current  consumption,  }  to  1  kilowatt 

167.  Day,  A.  L.,  and  Aixisn,  E.  T.    Temperature  measurements  up  to  1,600*  O. 

Pbys,  Review,  vol.  19,  1904,  pp.  177-186.  Describes  platinum-wire  (in- 
ternal winding)  vertical  furnace  for  melting-point  determinations. 

168.  Field,  A.  L.    An  electrical-contact  vapor-pressure  thermoregulat<Nr.    Jour. 

Am.  Chem.  Soc.,  vol.  36,  1914,  pp.  72-76.  Describes  U-tube,  saturated- 
vapor  type  of  thermoregulator,  which  is  used  in  connection  with  molyb- 
denum-wire furnace  described  in  this  bulletin  on  pp.  46  to  49. 

169.  Fbedebich,  K.    tJber    einiger    neuere    Formen    von    elektrisch    geheizten 

Laboratoriums5fen  (several  new  forms  of  laboratory  furnaces).  Metal- 
lurgie,  Jahrg.  4,  1907,  pp.  77^781;  Chem.  Abs.,  vol.  2,  1908,  p.  1084. 
Describes  platinum-foil  and  kryptol  furnaces  for  high-temperature 
work. 

170.  GoBCKE,  Otto.    Die  elektrische  Vakuumdfen  und  seine  Yerwendung  (the 

electric  vacuum  furnace  and  its  use).  Metallurgies  Jahrg.  8,  1911,  pp. 
667-^6;  Chem.  Abs.  vol.  6,  1912,  p.  1401.  Carbon  cylinder  used  as 
heating  element. 

171.  Goodwin,  J.  H.    Granular  carbon  resistance  furnace.    Met.  and  Chem. 

Eng.  vol.  9,  1911,  p.  188.  Describes  furnace  17^  by  12|  by  lOfi  inches, 
with  heating  space  7  by  5  by  8  inches,  and  shell  made  of  No.  14  sheet 
steeL 

172.  HotAEus,  W.   C.     Ueber  elektrische  Laboratoriums5fen.    Ztschr.    Elek- 

trochon.,  Bd.  18,  1912,  p.  143.  Comparison  of  efficiency  of  Pt  and  Ni 
wound  furnaces. 

173.  Hoffman,  G.    Priifung  der  Segerkegel.    Sprechsaal,  Bd.  44^  1911,  pp.  143- 

145.    Describes  an  iridium  tube  furnace. 

174.  Jeffbus,  Zat.    Notes  on  the  granular  electric  furnace.    Met.  and  C^niem. 

Eng.,  vol.  12, 1914,  pp.  154-157.  Describes  a  convenient  type  of  carbon- 
resistance  furnace,  with  a  resistor  of  kryptol,  granular  carbon  or 
graphite,  and  alundum  refractories.  Approximately  3  kilowatts  is 
required  to  attain  temperature  of  1,600''  C. 

175.  Le  Blanc,  M.     Widerstandofen   mit  elektrisch   geheiztem   Nickeldraht 

Ztschr.  Elektrochem.,  Bd.  15,  1909,  pp.  683-687.  Describes  furnace  of 
2-mm.  nickel  wire  wound  on  Berlin  porcelain,  used  up  to  l^SOO""  C. 
maximum. 

17d  liALM,  W.  R.  A  high-temperature  experimental  furnace.  Met.  and  Chem. 
Eng.,  vol.  13,  1915,  p.  70.  Describes  a  crucible-type  arc  furnace  espe- 
cially adapted  for  fusion  of  ferroalloys.  Takes  30  to  50  amperes, 
giving  i-inch  arc. 

177.  NoBTHBUP,  E.  F.  A  new  high-temperature  electric  furnace.  Met  and 
Chem.  Eng.,  vol.  12,  1914,  pp.  31-33.  Describes  a  vertical  type  furnace, 
with  Acheson  graphite  heating  element,  the  whole  inclosed  in  Monel- 
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metal  case,  with  a  heating  space  12  inches  long  by  1}  inches  in  diameter. 
Maximum  capacity,  170  amperes  at  23  volts.  Used  for  study  of  proper- 
ties of  metals  at  high  temperatures. 

178.  .    Cascade  attachment  for  graphite  furnace.    Met  Chem.  ESig..  vol. 

12,  1914,  pp.  305-306.  Discusses  a  supplementary  device  for  furnace 
described  in  No.  177  to  raise  temperature  to  melting  point  of  tungsten 
or  higher.    Maximum  current  consumption  of  9.5  kilowatt& 

179.  Pip,  W.    Zwei  neue  Laboratoriumsofen  filr  hohe  Temperaturen,    Ztschr. 

Elektrochem.,  Bd.,  16, 1910,  pp.  664-667.  Describes  an  oven  constructeil 
of  MgO  and  heated  by  gas,  and  an  oven  of  the  carbon-resistance  type. 

180.  Slade,  R.  E.    An  electric  furnace  for  experiments  in  a  vacuum  at  tempera- 

tures up  to  1,500"  O.  Electrician,  vol.  70,  1912,  p.  293 ;  vol.  71,  1913, 
p.  479.  Describes  a  furnace  consisting  of  Pt  tube  17cm.  long,  2  cm.  in 
diameter,  and  1  mm.  thick,  with  the  ends  fitted  into  water-cooled  brass 
terminals. 

181.  SosHAN,  R.  B.,  AND  HosTETTER,  J.  O.    A  vacuum  furnace  for  the  measure- 

ment of  small  dissociation  pressures.  Jour.  Wash.  Acad.  Sci.,  vol.  5. 
1915,  pp.  277-285.  Describes  a  furnace  similar  in  principal  to  Slade^s 
furnace,  but  with  alloy  tube  80  per  cent  Pt  and  20  per  cent  Rh  as  re- 
sistor. 

182.  Tucker.  S.  A.    Electric  tube  furnace  for  temperature  measurements.    Trans. 

Am.  Electrochem.  Soc.,  vol.  11,  1907,  pp.  303-306.  Describes  a  carbon- 
tube  furnace  with  resistor  540  mm.  long;  part  in  center  turned  down 
thin  to  increase  resistance;  about  1  inch  in  inside  diameter;  |-inch 
walls  in  thick  part  Tube  surrounded  by  petroleum  coke;  whole  in- 
cased in  brick;  water-cooled  brass  electrodes  soldered  on  tube.  About 
15  volts  required  to  attain  a  temperature  of  3,000"  O.  A  maximum  cur- 
rent of  850  amperes  is  required. 

188. .    A  gsanular-carbon  resistance  furnace.    Trans.  Am.  Electrochem. 

Soc,  vol.  11, 1907,  pp.  307-315.  Furnace  described  makes  use  of  Acheson 
graphite  electrodes.  Crushed  gas  coke  for  resistor  and  graphite  cru- 
cible. Maximum  capacity  30  to  35  kilowatts  at  low  voltage^-80  to  40 
volts — and  high  current  density — ^maximum  700  amperes. 

184. .    Platinum  resistance  furnace  for  melting  points  and  combustions. 

Jour.  Am,  Chem.  Soc,  vol.  29,  1907,  pp.  1442-1444.  Register  is  Pt.  tape 
wound  on  quartz  tube,  used  only  for  temperatures  up  to  1,200"  C. 

185.  TucKEE,  S.  A.,  AND  MooDY,  H.  R.    Improved  electric  furnace  for  laboratory 

use.  Jour.  Am.  Chem.  Soc:,  vol.  23,  1901,  pp  473-476.  Describes  an 
electric-arc  furnace,  Moisson  tyi)e,  with  capacity  of  8i  to  12|  kilowatts 
at  70  to  90  volts.    Either  water- jacketed  or  copper-plated  electrodes. 

186.  Ubbelohde,  L.    Electrische  Laboratoriums<)fen  mit  Wicklung  aus  unedleD 

Metalle.  Ztschr.  Blectrochemie,  Bd.  17, 1911,  pp.  1002-1003.  Compares 
Ni  and  Pt  wound  furnaces  for  low-temperature  work. 

187.  Winn,  R.,  and  Dantsizen,  C.    Small  electric  furnace  with  heating  element 

of  ductile  tungsten  or  ductile  molybdenum.  Jour.  Ind.  and  Eng.  Chem., 
vol.  3,  1911,  pp.  770-771.  Discusses  construction  of  two  types — ^vertical 
crucible  type,  and  horizontal,  tube  type,  each  with  resistor  of  ductile 
tungsten  or  molybdenum  wire  protected  from  oxidation  by  an  atmos- 
phere of  Ha 
See  aUto  Nos.  13,  46,  62,  126. 


FIJBUGATIOHS  ON  THE  UTILIZATION  OF  COAL  AND  UONITE. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  inter- 
est to  th^n.  Eequests  for  publications  should  be  addressed  to  the 
Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications 
available  for  free  distribution  as  well  as  those  obtainable  only  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

PUBLICATIONS  AVAILABLE  FOR  FREE  DISTRIBUTION. 

Bulletin  2.  North  Dakota  lignite  as  a  fuel  for  power-plant  boilers,  by  D.  T. 
Randall  and  Henry  Kreisinger.    1910.    42  pp.,  1  pi.,  7  figs. 

BuLLKiiN  5.  Washing  and  coking  tests  of  coal  at  the  fuel-testing  plant,  Den- 
ver, Colo.,  July  1,  1908,  to  June  30,  1909,  by  A.  W.  Belden,  G.  R.  Delamater, 
J.  W.  Groves,  and  K.  M.  Way.    1910.    62  pp.,  1  fig. 

BuLCBTiN  6.  Coals  available  for  the  manufacture  of  illuminating  gas,  by 
A.  H.  White  and  Perry  Barker,  compiled  and  revised  by  H.  M.  Wilson.  1911. 
77  pp.,  4  pis.,  12  figs. 

BuLLCTiN  24.  Binders  for  coal  briquets,  by  J.  B.  Mills.    56  pp.,  1  fig. 

BuLLEfiiN  36.  Alaskan  coal  problems,  by  W.  L.  Fisher.    1911.    32  pp.,  1  pi. 

Bulletin  55.  The  commercial  trend  of  the  producer-gas  power  plant,  by  R.  H. 
Femald.    1913.    93  pp.,  1  pi.,  4  figs. 

Bulletin  58.  Fuel-briquettlng  investigations,  July,  1904,  to  July,  1912,  by 
C.  A,  Wright    1913.    277  pp.,  21  pla,  3  figs. 

BuLucrm  76.  United  States  coals  available  for  export  trade,  by  Van.  H.  Man- 
ning.   1914.    15  pp.,  1  pi. 
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29  pp.,  8  figs.    5  cents. 

Bulletin  37.  Comparative  tests  of  run-of-mlne  and  brlquetted  coal  on  locomo- 
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fuel,  by  W.  F.  M.  Goss.    58  pp.,  4  pis.,  35  figs.    15  centa 
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40  figs.    20  cents. 
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15  cents. 

Bulletin  63.  Sampling  coal  deliveries  and  types  of  Government  specifications 
for  the  purchase  of  coal,  by  G.  S.  Pope.    1913.    68  pp.,  4  pl&,  3  figa    10  cents. 

Bulletin  109.  Operating  details  of  gas  producers,  by  R.  H.  Fernald.  1916. 
74  pp.    10  cents. 

Bulletin  116.  Methods  of  sampling  delivered  coal,  and  specifications  for  the 
purchase  of  coal  for  the  €lovernment,  by  G.  S.  Pope.  1916.  64  pp.,  5  pis.,  2  figs. 
15  centa 

Technical  Pafeb  1.  The  sampling  of  coal  in  the  mine,  by  J.  A.  Holmes.  1911. 
18  pp.,  1  fig.    5  centa 

Technical  Papeb  20.  The  slagging  type  of  gas  producer,  with  a  brief  report 
of  preliminary  tests,  by  C.  D.  Smith.    1912.    14  pp.,  1  pi.    5  cents. 

Technical  Paper  68.  Factors  governing  the  combustion  of  coal  in  boiler  fur- 
naces, a  preliminary  report,  by  J.  K.  Clement,  J.  O.  W.  Frazer,  and  0.  E.  Augus- 
tine.    1914.    46  pp.,  26  figs.    10  cents. 
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BLAST-FURNACE  BREAKOUTS,  EXPLOSIONS,  AND  SLIPS, 

AND  METHODS  OF  PREVENTION. 


By  F.  H.  WiLLcoi. 


INTEODUCTIO:>f. 

This  publication  is  the  third  of  a  series  of  reports  on  hazards  and 
the  prevention  of  accidents  at  blast-furnace  plants  that  is  being  pub- 
lished by  the  Bureau  of  Mines,  Technical  Paper  106  '  being  the  first 
and  Technical  Paper  136  ^  the  second  of  the  series. 

This  bulletin,  which  is  arranged  in  three  parts,  treats  of  the  causes 
and  prevention  of  blast-furnace  breakouts,  explosions,  and  slips. 
The  first  part  discusses  blast-furnace  breakouts,  the  hazards  there- 
from, causes,  and  features  of  furnace  design  and  methods  of  operation 
that  tend  to  prevent  breakouts  or  lessen  their  number,  and  points  out 
safety  measures  to  be  adopted.  The  second  part  takes  up  the  theory 
and  causes  of  gas  explosions  at  blast-furnace  plants  and  reviews  the 
better  methods  in  use  for  handling  gas.  The  third  part  analyzes  the 
causes  of  hanging  and  scaffolding  in  blast  furnaces,  with  the  result- 
ing slips  that  frequently  cause  injury  to  the  plant  and  danger  to  the 
workmen,  describes  features  of  construction  and  furnace  design  and 
methods  of  operation  employed  to  prevent  hanging  and  slipping,  and 
suggests  precautions  and  safeguards. 
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PART  I.— BLAST-FURNACE  BREAKOUTS. 

PUEFOSE  OF  DHTESTIOATIOH. 

Breakouts  are  an  infrequent  and  insidious  hazard  of  furnace  work. 
A  study  of  their  dangers,  the  technical  aspect  of  their  occurrence, 
and  the  methods  in  use  for  preventing  them  has  been  made  by  the 
writer.  The  results  of  this  study  are  presented  in  the  following 
pages. 

DEEOnTIOH  OF  THE  TEEM  "  BEEAKOTIT.'' 

A  "breakout"  is  the  term  employed  to  denote  the  conditions  and 
results  of  the  escape  of  gas  and  coke,  or  slag,  or  iron,  from  the  bosh, 
tuySre  breast,  or  hearth  of  a  blast  furnace.  Breakouts  may  occur  at 
any  point  below  the  fusion  zone  in  the  furnace,  but  the  most  frequent 
breakouts  are  of  molten  iron  at  a  level  below  the  surface  of  iron  lying 
in  the  hearth,  and  are  either  through  the  hearth  walls  and  jacket 
or  into  the  hearth  bottom  and  out  under  the  hearth  jacket. 

EXFL08I0ES  FROM  HOLTEV  ISOH. 

If  this  runaway  fluid  iron  comes  in  contact  with  water  or  wet 
material  an  explosion  occurs  which  may  wreck  the  furnace  or  cast- 
house  equipment.  An  explosion  in  one  plant  caused  damage  amount- 
ing to  $80,000.  Several  furnaces  have  been  put  out  of  blast  by  such 
accidents,  and  in  numerous  instances  men  have  been  injured  or  killed 
by  flames,  flying  metal,  brickbats,  and  castings  when  these  explo- 
sions take  place. 

The  term  "explosion,''  as  applied  in  this  sense,  should  not  be 
confused  with  explosions  of  gas,  which  are  discussed  in  Part  II  of 
this  report. 

HAZAEDS  FEOH  BEEAEOTJTS. 

BEEAKOTJTS  OF  IBON. 

At  most  plants  in  this  country  the  danger  of  hearth  breakouts 
has  been  reduced  remarkably  during  the  past  10  years,  and  at  these 
plants,  so  the  writer  believes,  is  becoming  almost  negligible  as  a 
factor  in  the  accident  risk.  The  hearth  has  received  much  attention, 
and  heavier,  stronger,  and  more  expensive  construction  has  be«n 
developed  until  the  two  types  of  hearth  now  standard  rarely  permit 
explosive  breakouts. 
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BBEAKOins  OF  SI^AO  OB  CINDEB. 

Slag  breakouts  occur  from  the  top  of  the  hearth  jacket  and  about 
the  cinder  notch  up  to  the  level  of  the  tuyeres.  They  are  seldom  dan- 
gerous to  life  or  limb  but  may  cause  some  damage  to  the  brick  lining 
and  are  a  considerable  nuisance  and  annoyance,  because  of  the 
resulting  delay  for  repairs  and  the  time  necessary  to  clean  up  the 
"mess"  they  cause^ 

BBEAKOTTTS  OF  THE  BLAST.  GAS,  AND  COKE. 

Blast,  gas,  and  coke  breakouts,  usually  known  as  bosh  break- 
outs, are  almost  a  thing  of  the  past;  the  last  one  in  this  country  was 
in  the  spring  of  1914.  Their  elimination  may  be  attributed  quite  as 
much  to  improvements  in  practice,  smoother  work  on  increasingly 
inferior  ores,  and  less  violent  '^  slips,"  as  to  strengthening  of  boshes. 
Although  improvement  in  boshes  is  generally  keeping  pace  with 
other  furnace  construction  in  augmenting  security,  nevertheless  at 
many  plants  the  bosh  is  not  as  strong,  proportionately,  as  other  parts 
of  the  furnace.  With  the  present  control  over  furnace  operation,  the 
bosh  does  not  fail  except  at  infrequent  intervals.  However,  if  plants 
with  somewhat  weak  boshes  should  be  subjected  to  periods  of  heavy 
driving  for  large  production,  with  consequent  severe  slips,  such  as 
have  happened  in  the  past,  it  may  be  that  some  boshes  although 
adequate  for  normal  pressures  and  slips  would  give  way.  One  such 
accident  has  happened. 

BOSH  BBEAKOTTTS. 

CAUSES  OF  BOSH  BBEAKOTTTS. 

Bosh  breakouts  may  be  caused  as  follows:  (1)  By  conditions  in- 
side the  furnace,  such  as  high  pressure  of  blast,  very  heavy  slips,  or 
sevCTe  working  on  the  hearth  walls,  all  of  which  may  lead  to  (2) 
breaking  of  the  hearth  bands,  ejection  of  cooling  plates,  or  parts  of 
the  brickwork  between  the  bands  and  the  plates,  or  (3)  cracking  and 
opening  of  bosh  jackets.  The  second  and  third  items  may  usually  be 
traced  back  to  deficient  construction  or  questionable  design. 

POSITION  OF  BOSH  IN  FtTBNACE. 

The  bosh  of  the  blast  furnace  shown  in  figure  1  is  an  inverted  trun- 
cated cone,  so  designed  as  to  bring  its  top  just  below  the  zone  of 
fusion,  the  limits  of  which  depend  on  the  grade  of  ore  used  and  the 
temperature  and  volume  of  the  blast ;  the  bottom  is  arbitrarily  fixed 
at  12  to  24  inches  above  the  center  line  of  the  tuyeres. 
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Inside  of  this  cone,  which  is  usually  about  22  feet  in  diameter  at 
the  top,  17  feet  in  diameter  at  the  bottom,  and  12  feet  high,  there  is 
burned  every  minute  about  750  pounds  of  carbon,  which  liberates  ap- 
proximately 3,000,000  heat  units  at  a  temperature  of  2,750°  to  3,200^ 
F.  and  produces  62,000  cubic  feet  of  gas.  This  gas,  which  is  under  a 
temperature  of  3,000°  F.  and  pressure  of  15  pounds,  is  expanded  to 
approximately  210,000  cubic  feet,  and  rushes  upward  with  a  velocity 
of  probably  not  less  than  3,000  feet  per  minute.  At  the  same  time  the 
coke  in  the  bosh  is  sliding  down  and  grinding  the  walls,  which  are 
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FiouaE  1. — Section  of  hearth  bosh,  and  foundation  of  typical  modem  hlaat  fumacep 

incandescent  but  firm  and  solid,  and  down  which  globules  of  corrosive 
slag  and  iron  continually  run  and  drip.  Under  these  conditions  of 
high  heat,  strong  pressure,  and  the  scouring  action  of  descending  raw 
slag  and  iron,  and  ascending  gas  at  high  velocity,  it  is  evident  that 
the  construction  and  maintenance  of  the  bosh  present  difficult 
problems. 

DEVELOPMENT  OP  PBESBNT  TYPES  OP  BOSH. 

The  type  of  bosh  now  being  built  is  a  development  of  about  50 
years'  experience,  its  growth  being  markedly  accelerated  during  th« 
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decade  of  1900  to  1910.  During  this  decade  the  increasing  use  of 
Mesabi  iron  ores  resulted  in  heavy  scaffolding  and  bridging  in  the 
furnace  and  in  severe  slips,  which  added  to  the  normally  heavy  duty 
of  the  bosh  the  necessity  of  withstanding  the  impact  of  columns  of 
stock,  weighing  hundreds  of  tons,  which  fell  from  a  height  varying 
from  10  feet  to  an  estimated  height  of  30  feet.  Several  serious  and 
fatal  accidents  were  caused  from  the  boshes  bursting  under  the  blow 
of  a  falling  stock  column  and  the  compression  of  the  gas  beneath  the 
stock.   This  subject  is  discussed  at  greater  length  under  slips. 


Ficiima  2.*^Sectloa  of  lower  i»art  of  foraace. 

The  early  blast  furnaces  were  simply  pyramids  of  stone  with  fire- 
brick linings.  They  had  boshes,  but  these  did  not  show  on  the  out- 
side, being  surrounded  by  means  of  masonry.  An  opening  was  left  on 
one  side  for  the  tapping  hole.  The  use  of  tuyeres  in  lai^r  number 
introduced  more  openings  or  arches  on  the  sides,  until  the  stack  was 
partly  supported  on  brick  or  masonry  pillars  and  the  bosh  assumed 
external  form.  About  1860  the  stone  or  brick  pillars  were  replaced 
by  iron  columns,  but  the  fire-brick  lining  was  still  held  in  place  by  a 
massive  ring  of  ordinary  red  brick,  not  water-cooled.  This  hearth 
fire  brick,  of  course,  was  badly  eroded  and  the  bosh  construction  was 
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made  thiimer,  was  banded  with  flat  iron  straps,  and  iron  cooling 
plates  were  inserted.  To  describe  in  detail  the  development  to  the 
present  form  would  require  too  much  space.  It  was,  in  brief,  a 
progressive  evolution ;  changes  in  fuel  and  ore  required  more  limy 
slag,  a  more  limy  slag  required  hotter  combustion,  and  this  in  turn 
required  a  stronger  and  hotter  blast,  which  resulted  in  larger  produc- 
tion, and  larger  production  required  better  construction.  Weaknesses 
developed,  accidents  happened,  deficiencies  were  corrected,  and  one 
improvement  led  to  another  until  there  are  now  two  distinct  types 
of  bosh  construction  which,  so  far  as  may  be  conceived,  are  the  last 
word  in  construction,  design,  strength,  and  security. 


FiQUBB  3. — Section  of  liearth  and  boolu 


BANDED  BOSHES. 


A  type  of  construction  largely  used  in  plants  dependent  on  Lake 
ores  is  illustrated  in  figures  2,  3,  and  4.  It  consists  of  brickwork, 
in  which  is  inserted  five  to  eight  horizontal  superimposed  rows  of 
bronze  cooling  plates.  These  plates  are,  as  a  typical  example,  4^ 
inches  thick  at  the  back  by  8^  inches  liiick  at  the  nose,  which  is 
rounded ;  are  2  feet  S  inches  wide  at  the  back  and  taper  to  1  foot  11^ 
inches  at  the  nose.  The  depths  of  the  plates  differ  according  to  the 
manner  in  which  they  are  placed.    In  most  furnaces  a  flat  brick  arch 
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is  turned  in  the  brickwork  above  the  plate  and  the  plate  extends  from 
the  outside  to  the  inside  face  of  the  lining  or  1  inch  back  from  the 
inside  face.  When  these  plates  must  be  replaced  they  are  likely  to 
be  exceedingly  difficult  to  withdraw.  They  should  be  easily  remov- 
able, for,  in  spite  of  the  best  water-cooling,  plates  will  crack  or  bum. 
Also  the  new  plate  should  fit  tightly  enough  in  the  opening  left  from 
the  old  one  that  the  blast  or  gas  can  not  blow  out,  erode  the  brick 
seat,  and  let  cinder  run  through,  but  the  opening  should  be  large 
enough  to  permit  the  new  plate  to  extend  inward  the  same  depth  as 


FioUBS  4. — Section  of  bosh  and  foundation. 

the  old  one  withdrawn  to  prevent  the  waU  from  becoming  danger- 
ously thin.  Putting  in  a  new  plate  may  be  more  difficult  with  a  brick 
arch  than  with  a  plate  box,  because  the  brickwork  may  have  wedged 
down  and  the  old  plate  may  be  sprung. 

Typical  examples  of  erosion  of  bosh  walls  between  the  plates  are 
shown  in  figure  5.  Instances  are  known  where  the  brickwork  has 
disappeared  almost  to  the  band,  being  replaced  with  a  mixture  of 
dust,  slag,  carbon,  and  partly  rednced  ore.  When  the  scouring 
action  has  thinned  the  walls  too  much  these  plates,  being  laid  in 
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the  brickwork,  are  not  held  firmly,  and  in  some  instances  have  been 
tilted  down  by  the  weight  and  motion  of  the  descending  stock, 
breaking  the  water  connections  and  weakening  the  adjoining  con- 
struction. 


USE  OF  PLATE  BOXES. 


To  simplify  the  changing  of  plates,  the  use  of  cast-iron  boxes 
is  much  in  favor.  These  boxes  are  built  in  the  brickwork  one-half 
or  one-third  the  thickness  of  the  bosh  wall,  and  the  cooling  plate 
inserted  through  the  box,  as  illustrated  in  figure  6.  Such  boxes 
are  recommended,  by  those  who  use  them,  as  being  free  from  any 
tilting  of  plates,  admirably  adapted  to  being  tied  in  with  the  over- 

lying  and  lower  bosh 
bands  to  make  a  strong 
reinforcement  immune  to 
blowouts,  and  as  reducing 
the  weight  of  metal  in  the 
copper  plate  by  one- fourth, 
and  thus  lessening  the  cost. 
The  plate  may  be  blocked 
in  position  in  the  box  by  a 
short  lug,  as  has  been  done 
at  some  furnaces. 

There  are  18  to  26  plates 
in  each  row,  and  they  are 
usually  separated  by  brick- 
work  laid  between  the 
boxes,  which  are  13^  to  14J 
inches  apart,  horizontally. 
In  some  plants  the  boxes 
are  laid  continuously  about  the  entire  row.  The  vertical  distance  be- 
tween centers  is  20^  to  31 J  inches,  of  which  12  inches  is  usually  covered 
with  a  steel  band.  This  leaves  a  segment  of  brickwork,  inclosed  at 
the  sides  by  the  plates  and  at  the  top  and  the  bottom  by  bands,  rang- 
ing from  4J  to  13^  inches  by  8^  to  19^  inches  in  size.  This  brickwork 
between  the  plates  is  usually  not  reinforced  or  backed  on  the  outfflde 
with  steel  or  iron  plates.  However,  the  practice  at  a  few  plants  and 
the  tendency  at  many  others  is  to  reinforce  this  small  s^ment  of 
brickwork  with  a  short  vertical  buckstay  extending  from  the  lower 
to  the  upper  band.  A  furnace  thus  equipped  has  no  brickwork  ex- 
-poB&i  on  the  outside,  except  the  small  areas  between  buckstajrs,  plates, 
and  bands.  As  the  bosh  brickwork  is  all  held  together  by  wide  bands, 
with  plate  boxes  held  in  by  bnckstays  backed  against  the  band,  it 
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is  difficult  to  conceive  that  such  bofihes  caa  blow  or  break  out,  and 
to  date  they  have  not. 

BRICKWORK   CONSTRUCTION   BETWEEN    PLATES. 

The  brickwork  of  the  bosh  averages,  on  modem  furnaces,  81^  to 
40^  inches  thick,  and  is  built  in  various  shapes,  as  the  construction 
is  made  complicated  by  the  insertion  of  plate  openings.  Figure  7 
shows  a  typical  example  of  brickwork  construction  between  plates. 

The  bosh  bricks  are  almost  exclusively  2^  inches  thick  and  are 
laid  flat;  only  a  few  plants  have  used  3-inch  bricks  on  the  bosh, 
although  it  is  customary  to  use  3-inch  in  the  inwall  above  the  bosh. 
The  bricks  are  laid  in  concentric  circles  with  the  joints  broken  or 
staggered  vertically  and  radially;  their  dimensions  closely  conform 
to  the  circles  with  no  cutting.  The  only  unbroken  joint  is  along  the 
horizontal  plane  between  each  course. 
This  construction  is  interrupted  at  each 
plate  by  an  arch,  as  shown  in  figure  8. 

In  this  figure  the  diagram  at  the 
left  shows  an  end  view  of  the  arch. 
The  view  at  the  right  shows  a  section 
on  the  vertical  plane  through  the  center 
of  the  arch. 

The  insertion  of  plates  that  vary  in 
dimensions  from  the  standard  dimen-    fioubb  6.— Cast-iron  box  tor  cool- 
sioDS  of  the  brick  requires  either  con-  *"*  ^^^ 

siderable  cutting  of  bricks  or  the  manu- 
facture of  special  shapes  of  brick,  the  dimensions  of  which  are 
calculated  from  preliminary  drawings  showing  the  plate  location. 

STRENGTH  OF  BOSH  BRICKWOBK  AGAINST  DISPLACEMENT. 

Such  a  construction  is  very  safe  from  blowouts  if  it  holds  to- 
gether. The  brickwork  itself  possesses  no  resistance  to  being  pushed 
out  other  than  the  resistance  due  to  its  inertia,  and  to  the  compres- 
sion of  the  superincumbent  brickwork  of  the  stack,  yet  it  must  with- 
stand the  pressure  of  the  blast,  stock,  and  slag,  and  the  strain  due  to 
expanding  of  the  bosh  from  heating.  Under  these  conditions  it  is 
easily  conceivable  that  sections  of  brickwork  may  be  ejected  from 
the  bosh,  and  it  is  not  surprising  that  such  failure  does  occur,  more 
especially  as  the  thickness  of  the  lining  may  be  reduced  from  36 
inches  to  18,  and  even  less.  This  possibility  is  generally  recognized, 
and  the  bosh  brickwork,  as  has  been  previously  stated,  is  usually 
reinforced  between  the  plate  rows  with  a  metal  band  or,  where  plate 
boxes  are  not  used,  the  brickwork  between  each  two  rows  of  plates 
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is  reinforced  by  two  bands  which,  although  they  may  not  cover  the 
brickwork  because  of  the  necessity  of  "  stepping  "  the  exterior  face, 
should  not  allow  more  than  one  course  of  brick  to  be  unbound*  (See 
fig.  8.) 

PLACING   OF  PLATES. 

As  a  rule,  in  most  furnaces  the  same  shape  and  size  of  plates  is 
used  in  each  row,  the  number  of  plates  being  increased  as  the  cir- 
cumference of  the  rows  up  the  bosh  increases.  There  may  be  20 
plates  in  the  bottom  row  and  26  in  the  top  row,  the  horizontal 
distance  between  centers  of  adjacent  plates  being  kept  as  nearly 
equal  as  possible.  The  plates  in  the  dilBFerent  rows  are  not  ver- 
tically above  each  other,  but  are  alternated  so  that  the  brick  be- 
tween each  pair  of  plates  is  covered  and  shielded  to  some  extent  by 
the  plate  above.    This  alternation  is  more  exactly  accomplished  by 

using  different  widths  of  plates, 
and  a  few  plants  have  as  many 
different  plate  patterns  as  there 
are  rows  of  cooling  plates  in 
the  furnace.  This  arrangement 
can  not  be  said  to  give  more 
efficient  protection  than  the  use 
of  plates  of  one  pattern  which 
do  not  permit  such  exact  alter- 
native spacing. 

COOLING  EFFECT  OF  PLATES. 


FiGUHE     7. — Brickwork     between     plates ; 
a  to  e,  various  shapes  of  brick. 


The  cooling  water  is  always  fed 
in  at  the  bottom  of  the  plate,  so 
as  to  displace  mud  deposited  or  carried  in  the  water,  and  disdiarged 
from  the  top  to  prevent  air  bubbles  acciunulating  near  the  roof 
of  the  plate,  which  would  allow  the  plate  to  crack  or  bum  or, 
possibly,  explode.  It  is  solely  by  the  cooling  effect  of  these  plates 
that  the  bosh  is  preserved  A  bosh,  although  built  stnmg  enou^ 
to  withstand  mechanical  pressure  and  abrasion  at  low  temperatures, 
might  not  last  an  hour  if  it  was  not  cooled  with  water.  This  pro- 
tection is  essentially  effected  by  keeping  the  temperature  of  the 
brickwork  about  the  plates  below  that  at  which  slag  can  combine 
with  the  brickwork.  In  fact,  the  temperature  is  usually  kept  lower 
than  is  necessary,  and  at  times  cooling  is  carried  to  excess,  so  that 
Instead  of  an  equilibrium  between  cooling  effect  and  slagging  action 
being  obtained,  scaffolding  takes  place — ^that  is,  slag,  or  pasty,  partly 
reduced  ore,  or  carbon  dust  freezes  on  the  side  of  the  bosh  and  im- 
pedes the  descent  of  the  stock  from  above.  Overcooling  of  the  bosh 
is  serious  and  dangerous  because  it  may  lead  to  heavy  slips;  also  the 


BUiST-FTTBNACB  BBEAKOTTTB. 


11 


fomace  may  be  put  out  of  commission  for  days  when  the  scaffold  is 
dislodged. 

OOOLING-WATBR  StJFPLT. 

• 

The  number  of  plates  that  can  be  used  is  not  arbitrary,  or  even 
standardized.  For  instance,  three  furnaces  in  the  same  district,  with 
closely  identical  production  and  dimensions,  are  equipped  as  fol- 
lows: Furnace  A,  5  rows,  91  plates;  furnace  B,  8  rows,  178  plates; 
furnace  C,  6  rows,  132  plates.  Furnace  C  works  smoothly  and  reg- 
ularly; furnace  B  is  characterized  by  frequent  and  continual  slips; 
furnace  A  works  much  more  smoothly  than  B,  but  loses  more  plates. 

The  amount  of  water  used  is  about  the  same,  regardless  of  the 
number  of  plates  in  the  bosh.  When  90  plates  are  used,  the  bottom 
two  rows  of  plates  have  an  individual  feed  and  discharge  for  each 
plate,  whereas  with  180  plates,  the  bottom  two  rows  have  two  plates 
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END  VIEW  OF  ARCH  SECTIONAA. 

FiouBB  8. — Diagrams  sbowing  construction  of  arch. 

connected  in  series.  The  plates  in  the  higher  rows  are  always  in 
horizontal  series  of  two,  three,  and  four  each ;  the  top  rows,  being 
under  less  severe  temperature  conditions,  have  the  larger  number  of 
plates  in  series. 

A  less  common  method  of  cooling  the  plates  is  to  lead  the  feed 
into  a  plate  on  the  bottom  row ;  tiie  discharge  forms  the  feed  for  a 
plate  immediately  above  in  the  second  row,  and  so  on  up  to  the  top 
row,  five  to  eight  plates  being  thus  connected  in  series.  The  plate 
on  the  bottom  row,  at  the  hottest  part  of  the  combustion  zone,  is 
supplied  with  the  coldest  water;  whereas  the  top-row  plate,  where 
overcooling  is  most  to  be  feared,  is  supplied  with  water  at  a  com- 
paratively high  temperature,  but  rarely  more  than  110°  F.  How- 
ever, this  arrangement  uses  less  water,  the  piping  is  less  in  the  way, 
and  it  appears  to  have  been  as  efficient  in  cooling  and  preserving  the 
bosh  walls  as  the  other  method. 
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The  temperature  rise  in  the  cooling  water  is  very  inconsistent ;  it 
varies,  even  with  very  cold  water,  from  4°  F.  to  about  50*^  F.  Fur- 
nace men  from  abroad  have  invariably  commented  on  the  large 
volume  of  cooling  water  used  at  American  plants,  it  apparently 
being  much  in  excess  of  that  used  in  foreign  practice.  It  goes  with- 
out saying,  however,  that  American  managers  err,  if  anything,  on 
the  side  of  overcooling,  which,  if  not  markedly  excessive,  is  toward 
the  safety  of  the  men  and  plant,  although  resulting  in  some  theo- 
retical or  actual  increase  in  coke  consumption.  That  it  is  somewhat 
hazardous  to  experiment  with  diminution  of  cooling  effect  is  indi- 
cated by  an  experiment  in  which  the  water  cooling  in  two  alternate 

top  rows  was  eliminated.  This 
led  to  failure  and  breakout  of 
the  bosh,  but,  fortunately,  no 
lives  were  lost 

CONSTRUCTION  OF  BOSH  BANDS. 

On  furnaces  having  plate 
cooling  there  are  usually  be- 
tween each  row  two  bands 
about  5  inches  by  1  inch  each, 
or  one  band  12  or  14  inches  by 
three-fourths  inch  up  to  IJ 
inches,  to  give  circumferential 
strength.  With  six  rows  of 
FiouBE  9. — ^Two  methods  of  holding  boah    platcs  there  are,  then,  seven  cir- 

bands  in  place,    a  Iron  strap  laid  In  brick-       j         f  ^       j    y^      ^         ^     j 
work  ;  b,  lug  laid  in  brickwork.     The  best         *^     *  «***6*«  a^«.**%*«  vr*  v^     v» 

method  is  to  rest  the  bands  on  the  plate    ble  and  twO  single  bands  about 

boxes  and  not  use  straps  or  lugs.  thebosh.  The  most  recent  bands 

are  1^  inches  thick  and  a  few  are  If  inches  thick;  they  are  of 
sufficient  width  to  cover  all  the  brickwork  between  the  plate  boxes, 
except  for  one-half  inch  vertically  to  provide  for  any  slight  expan- 
sion. These  bands  are  strong  enough,  as  a  rule,  to  resist  a  bursting 
pressure  of  160  to  350  pounds  per  square  inch  of  bosh  area.  They 
are  butt-strap  riveted  in  two  to  four  segments,  thirty  |-inch  tolj-inch 
rivets  generally  being  used.  The  bands  are  usually  so  arranged  that 
no  two  riveted  parts  are  vertically  in  line,  so  that  if  one  segment  of 
the  bosh  is  under  heavy  stress  the  load  is  distributed  equally  over  the 
butt  riveted  and  the  other  sections.  The  brickwork  is  always  laid 
tightly  against  the  bands,  with  no  packing  space,  as  is  sometimes 
permissible  in  the  stack  and  hearth,  because  lateral  displacement  of 
brick  in  the  bosh  can  not  be  permitted. 

Some  means  of  holding  the  bands  in  position  is  necessary.    In 
one  accident  the  bosh  bands  slipped  down  after  a  hearth  breakout, 
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the  bosh  walls  were  immediately  pushed  out,  and  three  men  were 
ovei-whelmed  in  an  outburst  of  flame  and  incandescent  coke.  The 
bands  are  best  held  by  resting  them  on  top  of  the  plate  boxes.  This 
arrangement,  which  is  shown  in  figure  4,  is  absolutely  secure.  An- 
other method  is  the  uj3e  of  a  distance  piece  between  the  plates,  ex- 
tending from  the  lower  to  the  upper  band,  as  shown  at  a,  figure  9. 
A  third  means  is  to  lay  an  iron  strap  in  the  brickwork  so  that  the 
strap  projects  and  affords  a  base  for  the  band,  as  shown  at  &,  figuire  9. 
This  construction  is  the  least  satisfactory  of  all,  though  perhaps 
most  widely  used,  as  the  strap  may  become  loose. 

JACXETBD  BOSHES. 

There  are  two  stock  objections  to  the  plate-and-band  construction : 
(1)  The  cost  is  excessive;  (2)  when  the  brickwork  between  the  cool- 
ing plates  has  eroded  back  12  or  18  inches,  as  inevitably  happens,  it 
forms  a  series  of  ledges  on  which  slag  and  other  material  can  lodge. 
When  the  furnace  is  working  irregularly  under  conditions  of  heavy 
driving,  and  a  large  scaffold  forms  and  then  the  furnace  slips,  this 
mass  of  relatively  cold  material  slides  down  in  front  of  the  tuyeres 
and  closes  them  up,  chills  the  furnace,  and  perhaps  freezes  the  tap- 
ping hole  or  cinder  notch.  This  has  led  in  some  districts  to  the  use 
of  the  jacketed  bosh. 

In  this  construction  the  bosh  is  entirely  inclosed  by  a  riveted  steel- 
plate  jacket.  The  lining  is  usually  made  very  thin,  9  to  13  inches, 
although  a  lining  24  inches  thick  is  occasionally  put  in,  and  the  ex- 
terior surface  is  cooled  with  a  film  of  water,  sprayed  at  the  top, 
which  in  descending  covers  the  plate  work  of  the  bosh  and  carries 
the  heat  away  rapidly  enough  to  cool  the  brick  lining  of  the  hearth 
below  the  slag- forming  point.  In  this  way  the  cutting  action  of  the 
slag  is  prevented. 

DURABILITY  OF  BRICK  MNINO. 

It  is  invariably  found  that  in  the  course  of  a  few  days  or  weeks 
the  original  18,  13,  or  9  inches  of  brickwork  is  reduced  to  2  to  6 
inches  thick,  and  it  may  completely  disappear.  However,  owing  to 
the  sloping  surface  of  the  bosh  and  the  diiUing  effect  of  the  cooling 
water,  any  slag  coming  in  contact  with  the  thinly  protected  or  naked 
plate  work  cements  itself  together  with  other  material,  largely  car- 
bon, on  the  exposed  surface  and  builds  a  skin  of  insulating  refractory 
material  which,  as  long  as  it  remains  in  position,  is  just  as  effective 
a  protection  as  the  original  brick  lining. 

JACKETS  COMPARED  WITH  PLATE-AND-BAND  CONSTRUCTION. 

Theoretically,  such  a  jacket  has  much  to  recommend  it.  It  can  be 
made  as  strong  as  desired,  cooling  should  be  effective  over  the  entire 
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surface,  and  the  interior  surface  should  be  smooth  instead  of  corni- 
gated.    Yet,  so  far  as  known,  not  a  single  furnace  in  the  Pittsburgh, 
Youngstown,  Buffalo,  Cleveland,  or  Chicago  districts,  nor  in  con- 
tiguous territory,  is  jacketed.    In  northern  New  York,  central  and 
eastern  Pennsylvania,  southern  Ohio,  and  the  South  jacketed  fur- 
naces are  used  in  considerable  numbers,  but  even  in  these  districts 
the  plate-and-band  construction  seems  to  be  largely  replacing  the 
jacket.    This  tendency  is  not,  however,  based  on  copsiderations  of 
safety  so  much  as  on  advantages  in  operation,  a  discussion  of  which 
is  not  germane  to  this  paper.    Indeed,  a  superficial  review  of  the 
history  of  the  jacketed  bosh  would  indicate  that  with  regard  to  safety 
it  is  superior  to  the  banded  construction.    The  hearth  and  stack  of 
the  blast  furnace  were  formerly  constructed  of  fire  brick  and  banded 
with  steel  strips,  and  historically  the  banded  bosh  might  be  consid- 
ered a  remnant  of  early  building,  which  at  other  parts  of  the  fur- 
nace less  subject  to  heat,  pressure,  and  erosion  has  been  replaced  with 
jacket  construction,  dictated  by  requirements  of  strength  and  re- 
sistance  to  bursting  and  outbreaks  of  blast  and  stock. 

However,  in  spite  of  the  theoretical  advantages  of  smooth  slope, 
strength,  cooling,  and  tightness,  furnace  men  going  from  plants 
smelting  Lake  ores  to  those  using  magnetites,  hard  ores,  cinders,  and 
local  ores  usually  construct  the  bosh,  at  the  first  relining,  according 
to  their  former  experience — ^that  is,  with  plate-and-band  construc- 
tion— ^while  those  who  have  tried  the  jacketed  bosh  on  Lake  ores 
express  themselves  as  perfectly  satisfied  with  the  plate-and-band 
bosh  and  have  no  desire  to  try  the  jacketed  bosh  again. 

JACKET  CONSTRUCTION. 

Bosh  jackets  are  constructed  of  half -inch  to  1^-inch  steel  plate, 
riveted  vertically  on  butt  straps.  Riveting  and  calking  the  seams  is 
not  unusually  difficult  or  different  from  other  riveting  work,  except 
that  it  is  necessary  to  have  all  seams  absolutely  tight,  the  riveting 
first  class,  and  the  rivets  fill  the  holes  ccmipletely  so  that  no  oppor- 
tunity may  exist  for  gas  to  blow  out.  The  interior  and  exterior 
conditions  of  service  when  the  furnace  is  in  blast  are  too  rigorous 
for  any  possibility  of  outbreaks  to  be  permitted,  which  may  be 
obviated  by  special  care  in  construction. 

The  bosh  jacket  is  usually  provided  with  riveted  flanges  at  the  top 
or  is  flanged  to  provide  means  of  making  connection  at  the  mantle 
plate.  Sometimes  this  flanged  top  is  not  riveted  to  the  mantle,  but 
is  anc^hored  or  imbedded  in  the  brickwork  above  the  mantle,  or  it  is 
riveted  to  a  segment  of  the  stack  jacket.  The  stack  jacket  is,  how- 
ever, riveted  or  otherwise  attached  to  the  mantle  plate  and  extends 
vertically  downward  to  the  junction  point  of  jacket  and  bosh.  (See 
fig.  10  and  PL  I.) 


JACKETED  FURNACE  WITH  BO 
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In  the  same  way  the  bottom  may  be  flanged  or  angles  riveted  on 
for  attaching  a  trough  to  collect  the  cooling  water  running  down 
the  surface  of  the  jacket.  In  some  cases  the  bosh  jacket  is  simply 
extended  farther  down  to  the  hearth  jacket,  the  lower  part  forming 
a  tuyere-breast  jacket,  which  is  cooled  by  the  water  running  off  the 
bosh  jacket. 

As  contrasted  with  the  plate-apd-band  bosh,  in  which  the  weight 
of  the  whole  bosh — ^brick,  plates,  bands,  and  boxes — ^with  part  of  the 
weight  of  the  stack  lining  rests  on  the  hearth  walls,  in  jacket  boshes 
practically  the  whole  weight  of  the  jacket  and  brick  lining  is  hung 
from  the  mantle,  and  this  is  one  source  of  weakness.  Contrasted 
with  the  thick,  sturdy  brickwork  of  the  banded  bosh,  the  lining  in 
the  jacketed  bosh  is  very 
thin,  and  as  the  bosh  and 
stack  brickwork  gets  hot 
the  compression  may  crush 
the  brickwork  and  buckle 
the  jacket,  a  possible 
though  remote  contin- 
gency. When  the  bottom  of 
the  jacket  rests  solidly  on 
a  structure  of  brickwork, 
as  in  the  furnace  shown  in 
Plate  I,  or  is  riveted  to  the 
tuyfere-breast  jacket,  as  in 
the  type  shown  in  figure 
11,  such  accidents  may  oc- 
cur. Usually  allowance  is 
made  for  this  expansion, 
as  in  the  furnace  shown  in  figure  12,  in  which  the  bosh  jacket  in 
expanding  may  slide  over  the  water-cooled  tuyere-breast  jacket. 

FACTORS  TENDING  TO  DESTROY  JACKET. 


FiouBK  10. — Jacketed  bosb. 


POSITITE  WATER  COOLINO  ESSENTIAL. 


Buckling  is  evident  at  certain  furnaces,  and  introduces  the  main 
operating  difficulty,  because  if  the  surface  of  the  jacket  is  not  per- 
fectly smooth,  the  film  of  water  essential  for  cooling  and  preserva- 
tion of  the  brickwork  will  not  cling  to  it.  In  a  short  time  the  small 
space  not  water-cooled  becomes  hot  and  then  white  hot  as  the  brick- 
work or  conglomerate  on  the  inside  melts  off.  The  jacket  is  quickly 
exposed  to  the 'attack  of  iron  and  slag,  which  may  melt  an  opening 
through  it.  This,  of  course,  lets  out  a  jet  of  incandescent  coke,  gas, 
and  slag  and  iron  globules,  which  rapidly  enlarges  the  opening  and 
may  result  in  a  serious  breakout.    The  formation  of  surface  in- 
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Top  of  cotoaa 


FiouES  11. — Jacketed  furnace  with  bosh  Jacket  riveted  to  tuytee-breast  jacket 
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equality  during  operation  is  discouraging,  for  it  makes  useless  the 
care  and  money  spent  during  construction  to  insure  a  perfectly  smooth 
surface- 
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FiGunE  12. — ^Jacketed  furnace  In  which  expansion  of  bosh  is  provided  for.     The  bosh 
jacket  In  expanding  may  slide  orer  the  water-cooled  tny^re-breast  jacket. 

The  rivets  are  countersunk  flush  with  the  surface  so  as  not  to 
present  any  interruption  to  the  flow  of  water.  From  2  to  10  annu- 
lar funnels  are  placed  about  the  jacket  to  catch  the  water  thrown 
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off  and  return  it  to  the  face  of  the  jacket,  or  a  spiral  or  helical  trough 
is  riveted  onto  the  jacket  with  tap  bolta  These  spiral  troughs  are 
held  away  from  the  jacket  by  distance  pieces  (iron  straps),  part  of  the 
water  running  down  over  the  surface  while  the  rest  runs  down  the 
spiral  trough.  This  is  probably  the  most  efficient  means  developed 
for  obtaining  a  positive  contact  of  water  with  the  shell. 

FORMATION    OF    SKULLS. 

Even  with  positive  water  cooling  assured,  other  factors  remain 
which  may  destroy  the  jacket.  The  skull  that  forms  on  the  interior 
of  the  jacket  may  peel  off  and  build  up  intermittently  and  thus  cause 
warping,  cracking,  and  opening  of  the  jacket,  as  it  is  constantly  sub- 
jected to  extreme  fluctuations  of  temperature.  Sometimes  when  the 
skull  slips  or  melts  off,  the  gas  may  blow  out  between  the  jacket 
seams  and  unless  immediately  stopped  may  erode  a  dangerous  hole. 
If  these  apertures  or  holes  formed  in  other  ways  get  beyond  repair 
by  calking,  it  is  necessary  to  stop  the  furnace  and  put  on  a  patch. 
Such  a  patch  is  difficult  to  cool  and  is  of  questionable  strength  and 
tightness,  as  it  must  be  held  externally  by  tap  bolts. 

EBOSIVE  ACTION   OF  CHARGE. 

The  occasional  tendency  of  -the  furnace  charge  to  work  on  the 
walls,  or  the  necessity  of  so  running  the  furnace  at  times  that  this 
condition  can  not  be  avoided,  is  a  severe  ordeal  for  jacketed  boshea 
As  an  example  may  be  cited  a  furnace  in  Alabama,  where  this  tend- 
ency proved  too  severe  and  the  bosh  was  burned  out.  In  many 
instances  a  similar  accident  has  been  averted  only  by  the  prompt  use 
of  longer  tuyeres.  Long  tuyeres,  although  effectual  in  averting  the 
difficulties  and  possible  dangers  of  jacket  construction  by  reason  of 
excessive  slagging  of  the  walls  or  local  cracks  developing  from 
intense  heat,  have  the  disadvantage  of  reducing  the  useful  hearth 
area  and  changing  the  descent  of  the  charge  so  that  the  burden 
moves  too  slow  or  "  goes  to  sleep  "  on  the  walls. 

USE  OF  AUXILIARY  SPRATS. 

At  plants  having  jacket  boshes  it  is  not  unusual  to  see  men 
engaged  in  putting  on  auxiliary  sprays  to  take  care  of  hot 
spots,  deficient  regular  sprays,  corrugations  in  the  jacket,  or  gas 
blowing  from  rivet  Holes  or  riveted  seams.  However,  at  one  plant 
the  jacket  bosh  is  entirely  covered  by  an  auxiliary  shield  to 
confine  splashes  of  water,  although  this  shield  effectually  prevents 
emergency  first  aid  to  the  bosh,  or  noting  signs  of  its  failure.  Al- 
though such  "  running  in  the  dark "  seems  objectionable,  when  the 
difficulties  at  some  other  plants  are  considered,  it  has  nevertheless  been 


BLAST-FUENACE  BEBAKOUTS. 


19 


found  practicable  at 
this  plant.  However, 
the  fire-brick  lining  is 
here  approximately 
twice  as  thick  as  in  the 
usual  practice. 

OTHEB  TTPES  OF  BOSH 
COHSTBUCTION. 

Several  types  of  bosh 
construction  have  been 
developed  to  avoid  the 
corrugations  of  the 
banded    bosh    and    the 
warping  or  local  failure 
of   the    jacketed    bosh. 
One    of    these    boshes 
consists  of  built-up  sec- 
tions of  cast-iron  seg- 
ments with  the  water- 
circulating  pipe  cast  in 
(see  fig.  13).     Another 
type  consists  of  a  rivet- 
ed   steel    plate    jacket, 
inside  of  and  next  to 
which  are  laid  cast-iron 
staves  with  the  water- 
circulating  pipe  cast  in, 
which  extends  from  the 
top  to   the   bottom   of 
the  bosh   (see  fig.   14). 
These  two  types  may  be 
said  to  leave  something 
to  be  desired  in  that  any 
clogging  of  the  water 
supply  that  might  cause 
failure  of  the  sections 
through  overheating  is  a 
serious  matter.   Another 
type  is  the  Roberts  Far- 
rell  bosh    (fig.  15),  in 
which  the  entire  bosh 
is  inclosed  by   a   steel 
jacket.     Holes  are  cut  in 
the  jacket  and  through 


FiOTTRS  13. — ^Jacketed  bosh  buUt  with  cast-iron  sftg- 
ments  and  circulating  water  pipe  cast  in. 
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them  plates  are  inserted  in  the  brick  lining.  Provision  is  made  for 
anchoring  the  plates  to  prevent  tilting  or  ejection.  This  type  of 
bosh,  in  modified  form,  is  meeting  with  considerable  favor,  as  it 

olSfers  obvious  advantages  as 
regards  security,  structural 
strength,  and  operating  con- 
venience. 

CAUSES  OF  BOSH 
BBEAKOUTS. 

Before  describing  bosh 
breakouts,  it  will  be  useful 
to  summarize  their  causes. 
The  causes  of  breakouts  in 
banded  boshes  are  as  fol- 
lows: (1)  Excessive  blast 
pressure,  owing  to  scaffold- 
ing in  the  furnace;  (2)  ex- 
cessive load  or  pressure 
caused  by  columns  of  stock 
falling  or  slipping  in  the 
furnace;  (3)  weak  bands; 
(4)  bands  not  held  in  posi- 
tion; (5)  ejection  of  plates 
or  brickwork  between  bands; 
(6)  collapse  of  bosh  by  ex- 
cessive corrosion  of  the 
brickwork;  and  (7)  improper 
design,  as  where  the  top  line 
of  a  weakly  banded  bosh  ex- 
tends below  the  mantle. 

The  causes  of  breakouts  in 
jacketed  boshes  are:  (1,  2, 
and  3)  As  in  banded  boshes; 
(4)  formation  and  enlarge- 
ment of  holes  through  (a) 
rivet  holes  or  riveted  seams, 
or  from  (6)  local  failure  of  water  cooling,  or  from  (c)  severe 
corrosion  of  walls  and  segregated  melting  or  combustion  adjacent 
to  the  walls. 


FiGUEE  14.  —  Jacketed  bosh  built  with  riveted 
steel  plate  lined  with  cast-iron  staves,  water 
pipe  cast  in. 


EXAMPLES  OF  BOSH  FAILURES. 


BURSTING  OF  BOSH  BANDS. 


At  one  plant  a  plate-and-band  furnace  had  been  working  irregu- 
larly for  four  days,  the  pressure  varying  18  to  25  pounds  per  square 
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inch  after  casting.    About  40  minutes  after  each  cast  it  was  neees* 
sary  to  reduce  the  pressure  to  make  the  furnace  moTe^  and  there* 
after  at  about  40-minute  intervals  between  the  casts,  which  were  at 
four-hour  intervals.    The  fur- 
nace frequently  failed  to  slip 
at  the  first  check,  and  it  was 
necessary  to  put  the  wind  on 
again  for  15  or  20  minutes  and 
then  take  another  check.    Va- 
rious expedients  were  tried  to 
correct  the  difficulty,  but  the 
furnace  persisted   in   slipping 
heavily,  the  tests  showing  slips 
of  8  to  30  feet.    The  furnace 
had  been  checked  shortly  be- 
fore casting,  when  the  charge 
moved  slightly.    The  crew 
went  on  the  drill,  got  the  iron 
out,  and  after  about  one-third 
of  the  cast  was  run,  the  blow- 
ing engines  were  slackened, 
thus    reducing    the    pressure 
from  19  to  about  11  pounds. 
Then  the  furnace  slipped  and 
the  bosh  burst  at  the  top,  di- 
rectly beneath  the  mantle.    An 
outburst  of  flame,  incandescent 
coke,  fine  carbon,  ore,  and  in 
fact  the  entire  content  of  the 
stack,  wa^  ejected  as  if  from  a 
gun,  and  engulfed  a  number  of 
men  working  about  the  furnace 
or   passing   through    the   cast 
house.    This  furnace  had  7^- 
inch  by   IJ-inch  bands  about 
the   bosh,  which  were  broken 
both  at  the  riveted  joints  and  also  between  the  riveted  joints.    The 
strength  of  the  bosh  was  supposed  to  be  approximately  10  times  that 
of  any  pressure  to  which  it  might  be  subjected. 

ESCAPE  or  raON  INTO  COOLING-WATER  DITCH. 

Another  accident  happened  at  a  small  plant  having  a  banded  bosh 
furnace,  and  was  presumably  caused  by  a  hearth  breakout.  The  iron 
escaped  underneath  the  jacket  and  c^une  up  in  the  cooling- water 
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Figure    15. — Bosh  iDclosed   in   steel   jacket 
irlth  boles  lor  cooUng  pUltea. 
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ditch  about  the  hearth  jacket.  An  explosion  followed  that  shook  the 
entire  plant  and  jarred  the  bands  about  ihe  bosh  so  that  the  bands 
above  the  second,  third,  and  fourth  rows  of  plates  slipped  down. 
The  brickwork,  which  obviously  was  under  ocHupression  fr<»n  within, 
was  pushed  out  at  one  side  of  the  front  of  the  furnace  and  engulfed 
two  men. 

FALLING  SCAFFOLD. 

A  plate-and-band  furnace  had  been  working  on  abnormally  high 
pressures,  with  a  scaffold  in  it.  The  scaffold  fell  and  the  gas  ignited 
on  the  bosh  and  burned  fiercely,  indicating  that  a  large  mass  of  ma- 
terial had  slid  off  and  had  thinned  the  walls.  A  large  quantity  of 
excess  coke  and  sand,  which  had  been  charged  previously  to  the  slip, 
had  about  arrived  at  the  bosh,  and  as  it  melted  began  to  exude 
through  the  joints  of  the  brickwork.  Several  water  hose  were  being 
played  on  various  parts  of  the  bosh  when  at  one  side  the  brickwork 
Detween  two  adjacent  plates  and  bands  of  one  row  blew  out.  The 
bricks  and  following  flame  and  coke  fatally  burned  a  man  who  was 
standing  in  its  path. 

FAILUBE  FOLLOWING  ROT  SPOTS  ON  JACKETT. 

At  a  furnace  built  with  a  jacketed  bosh,  trouble  had  been  caused  by 
hot  spots  on  the  jacket,  owing  to  the  tendency  of  the  furnace  to  bum 
on  the  walls,  there  being  presumably  a  core  of  cold  stock  in  the  cen- 
ter. The  bosh  blew  out  at  the  rear,  the  furnace  contents  running  out 
like  water.  Considerable  damage  was  done  to  the  plant  but  no  men 
were  injured.  The  failure  was  probably  due  to  melting  of  the  plate 
work  and  not  to  weak  construction,  because  the  furnace,  aside  from 
making  raw  cinder  and  off-grade  iron,  was  not  working  abnormaUy 
or  on  high  pressure,  or  making  severe  slipa 

FAILUBE  FBOM  BURSTING  OF  RIVETED  SEAM. 

At  another  furnaoe  which  had  a  jacketed  bosh,  the  jacket  burst 
vertically  along  a  riveted  seam  because  of  a  heavy  slip,  and  the  fur- 
nace contents  caught  and  killed  a  foreman  and  four  workmen. 

FAILURE  FBOSC  A  HEAVY  SLIP. 

At  an  old  stack,  originally  built  with  a  high  bosh,  the  top  of  the 
bosh  was  lowered  on  a  relining  6  feet  9  inches  below  the  mantle 
plate,  the  brickwork  being  inclosed  by  a  vertical  steel  jacket  of 
i-inch  riveted  plate  hung  from  the  mantle.  This  jacket  was  re- 
inforced on.  the  outside  with  four  6-inch  by  1-inch  bands  and  had 
three  rows  of  cooling  plates  inserted.  Below  the  jacket  the  bosh 
was  of  substantial  banded  construction.    The  upper  part — ^that  is, 
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the  banded  steel  jacket  with  2  feet  of  fire-brick  lining — burst  in 
consequence  of  a  slip,  filling  the  cast  house  with  a  mass  of  white- 
hot  coke  and  flame.  The  furnace  had  not  been  checked,  and  the 
pressure  chart,  which  stood  at  14  pounds,  did  not  indicate  any  in- 
crease in  pressure  at  the  time  the  bosh  burst.  The  failure  probably 
was  due  to  the  impact  of  a  falling  column  of  stock  on  the  contents 
of  the  bosh. 

FUTURE  HAZARD  FROM  BOSH  BREAKOUTS. 

In  the  trade  journals  from  1885  up  to  1907  frequent  mention  was 
made  of  bosh  breakouts;  since  1907  they  have  steadily  decreased. 
Rarely  are  any  details  given  in  these  notices,  and  they  are  men- 
tioned here  only  because  of  the  significance  of  their  decreasing 
number. 

At  plants  which  are  in  nearly  continuous  operation,  with  relining 
and  reconstruction  of  the  bosh  at  three  to  five  year  periods,  the 
strength  of  the  bosh  has  generally  been  brought  to  a  point  where  the 
factor  of  safety  is  large  and  so  far  as  managers  and  engineers  can 
design  with  former  failures  in  mind,  or  anticipate  future  require- 
ments in  view  of  the  trend  of  raw  materials  and  practice,  such  plants 
are  free  from  any  dread  or  possibility  of  bosh  failures. 

At  plants  that  operate  chiefly  in  times  of  good  market  con- 
ditions some  boshes  are  liable  to  be  deficient  in  strength  and  armor- 
ing, and  with  heavy  driving  bosh  breakouts  may  be  expected. 

TinrlatE-BEEAST  BBEAKOTTTS. 

CONSTBUCTION  OF  TTTYtBE  BBEAST. 

The  tuyfere  breast  is  comprised  in  that  part  of  the  hearth  which 
extends  from  the  bottom  of  the  bosh  to  the  top  of  the  hearth  jacket. 
The  brickwork  at  this  point  is  18  inches  to  2  feet  9  inches  thick  and 
is  built  of  standard  9-inch  brick  inclosing  the  tuyere-cooler  arches 
and  cooling-plate  openings.  The  tuyere  breast  in  a  modem  500-ton 
furnace  is  about  5  feet  6  inches  high  and  the  outside  surface,  with  a 
2-foot  6-inch  wall  inclosing  a  17-foot  hearth,  22  feet  in  outside  diam- 
eter, is  about  390  square  feet,  which  is  diminidied  by  12  cooler  open- 
ings 30  inches  in  diameter  and  usually  by  36  cooler-plate  openings  5 
inches  by  24  inches  in  size,  making  a  total  exposed  surface  of  ap- 
proximately 380  square  feet. 

FACTOBS  TENDING  TO  DESTBOT  THE  BBICKWOBK. 

SOFTENING  OF  THE  BRICKWORK. 

The  most  energetic  combustion  of  coke  and  the  strongest  inthrust 
of  the  blast  are  directly  within  this  part  of  the  furnace.  The  tem- 
perature at  the  nose  of  the  tuyere  may  reach  3,300^  F.,  and  may  be  as 
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high  for  a  considerable  space  adjacent,  because  the  combustion  of 
750  pounds  of  coke  can  not  be  instantaneous  at  the  12  or  16  small 
spaces  in  front  of  and  above  the  tuyeres.  As  the  nose  of  the  tuyere 
is  but  6  to  15  inches  beyond  the  face  of  the  brickwork  the  combustion 
temperature  must  reach  nearly  maximum  intensity  at  the  face  of 
the  brick.  This  temperature  is  sufficient  to  melt  any  but  the  best 
hearth  brick  and  to  soften  the  best  brick  so  that  it  becomes  plastic  or 
will  flow  under  compression. 

EBOSION  BT  THB  BLAST, 

To  the  effect  of  this  high  temperature  must  be  added  the  effect  of 
the  blast.  In  an  average  furnace  40,000  cubic  feet  of  air,  expanded 
to  60,000  cubic  feet  at  1,000°  F.  and  at  15  pounds  blast  pressure  is 
forced  in  each  minute  through  twelve  7-inch  tuyeres  at  a  velocity  of 
310  feet  per  second.  As  the  blast  emerges  from  the  nose  of  the 
tuyfere  with  this  high  velocity  it  impinges  on  the  mass  of  coke  in  the 
hearth.  As  this  coke  is  held  down  by  the  weight  of  the  furnace 
burden,  the  only  way  of  escape  open  to  the  gaseous  products  of 
combustion  is  through  the  interstices  between  the  pieces  of  coke.  In 
spite  of  the  great  weight  of  the  ore,  limestone,  and  coke  the  force  of 
the  blast  makes  the  coke  in  front  of  the  tuyeres  and  presumably  that 
in  the  interior  of  the  hearth  above  the  tuyeres  and  along  the  walls 
dance  briskly.  On  seeing  this  movement  at  the  tuyferes  one  may 
imagine  that  the  blast  is  thrusting  the  coke,  which  is  still  strong  and 
harsh,  against  the  hearth  walls,  and  this  is  found  to  be  the  case  on 
stopping  the  furnace.  In  some  instances  the  hearth  lining  above, 
below,  and  between  the  tuyeres  has  disappeared  for  a  depth  of  6  to  18 
inches  and  may  even  be  cut  to  so  thin  a  shell  that  the  furnace  has  to 
be  blown  out. 

SLAGGING  OF  THE  BRICKWORK. 

In  the  lower  part  of  the  tuyere  breast  the  accumulated  slag  lying 
in  the  hearth  attacks  the  brickwork  In  normal  work  this  slag 
rarely  comes  within  1  foot  of  the  tuyeres,  although  it  occasionally 
perplexes  furnace  men  by  persisting  in  lying  in  front  of  the  tuyeres 
and  running  back  in  them,  when  no  cinder  can  be  drawn  from  the 
cinder  notch  below.  In  this  zone  of  slag  accumulation  there  is,  of 
course,  slagging  of  the  brickwork  and  thinning  of  the  walls. 


PRESSURE  WITHIN  TUYERE  BREAST. 


The  chief  factor  in  corrosion  of  the  tuyfere-breast  lining,  however, 
is  held  to  be  erosion  by  the  cutting  action  and  back  thrust  of  the 
blast  and  the  particles  carried  in  it  at  the  high  temperature  and 
pressure  of  the  hearth. 
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If  it  be  assomed  that  the  hearth  has  a  diameter  of  16  feet  and 
inclosing  walls  31^  inches  thick,  and  is  4^  feet  high,  then  the  inside 
surface  is  226  feet  square  and  the  exterior  surface  is  801  feet  square. 
The  interior  surface  is  reduced  by  12  tuyere  openings  to  185  square 
feet  and  the  outside  surface  to  242  square  feet.  With  a  blast  pres- 
sure of  15  pounds  at  the  tuyeres  tin^ne  is  a  drop  in  pressure  inade  the 
furnace  which  amounts  to  approximately  2  pounds,  so  that  the  pres- 
sure inside  the  hearth  may  be  tak^i  as  18  pounds.  Under  the  most 
unfaTorable  conditions  of  hanging  the  pressure  might  moufit  as 
high  as  SO  pounds.  The  total  lateral  pressure  which  tends  to  pro- 
duce rupture  on  a  circalar  area  1  inch  high  about  the  tuy&re  breast 
may  then  be:  'PosdXPr  where  cJssdiameter  and  7>s7:pceQsure. 
P=16X12X30=5,760  pounds  pressure,  which  is  the  total  force  on  a 
longitudinal  plane  against  the  1-inch  high  circular  area  about  the 
tuyfere  breast. 

This  pressure,  exerted  on  a  wall  built  up  of  small  bricks,  2^  inches 
thick  by  4^  inches  wide  by  9  inches  or  13^  inches  long,  laid  without 
cement  other  than  a  thin  seal  of  fire  clay  between  the  joints,  may 
conceivably  displace  and  force  out  segments  of.  brickwork,  although 
in  fact  such  failure  does  not  often  occur.  The  writer  has  seen  fur- 
naces at  which  the  brickwork  at  the  tuyere  breast  had  started  and 
was  held  from  bulging  out  farther  and  causing  a  breakout  by  being 
braced  against  the  column  with  wooden  blocking. 

T78S  OF  C0OIJ3SQ  FLATES  IK  TXJYtSLM  BBEAST. 

The  danger  of  breakouts  between  the  tuyere  coolers,  when  the 
brickwork  gets  thin  from  melting,  slagging,  and  mechanical  abrasion 
from  the  back  thrust  of  the  gas,  is  usually  provided  against  by  the 
insertion  of  bronze  cooling  plates.  These  plates  are  usually  built 
solidly  into  the  brickwork  from  the  outside  face  to  within  9  inches 
to  4J  inches  of  the  inside  face.  Occasionally  only  one  plate  placed 
vertically  is  used;  more  often  two  plates  are  laid  horizontally  one 
above  the  other  about  15  to  18  inches  apart,  center  to  center ;  infre- 
quently three  plates  12^  inches  apart,  center  to  center,  are  used.  The 
plates  are  roughly  of  the  same  type  as  those  used  in  the  bosh,  being 
tapered  horizontally  and  vertically.  Although  the  wearing  action  is 
most  severe,  such  plates  have  proved  entirely  satisfactory.  A  few 
managers  go  a  step  further  and  provide  water-cooled  plate  boxes  in 
which  to  place  the  plates,  but  many  furnace  men  do  not  consider  it 
necessary  or  advantageous  to  do  so,  as  a  water-cooled  plate  cools  the 
brickwprk  just  as  effectually  and  also  prevents  thinning  and  break- 
outs of  the  tuyfere-breast  wall. 

Figures  16  and  17  show  clearly  how  the  insertion  of  cooling  plates 
between  the  cooler  arches  reduces  the  noncooled  part  of  the  tuyfere 
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breast  and  lowers  the  temperature  of  the  brick  below  the  slagging 
point  before  it  has  been  reduced  to  an  unsafe  thickness. 

PROTBCnOK  OF  BRICKWORK  ABOVE  THE  TCTERBS. 

That  part  of  the  brick  lining  above  the  line  of  the  tuyeres  is  simi- 
larly cooled  by  radiation  of  heat  to  the  lower  row  of  bosh  plates  above 
and  to  the  water-cooled  tuyere  coolers  and  the  tuyere-breast  plates 
between  the  coolers.  The  vertical  distance  between  the  tuyere  cooler 
and  bosh  plate  is,  on  an  average,  about  16  inches  on  the  inside  face; 
the  distance  between  the  tuyere-breast  plate  and  bosh  plate  is  15 
or  more  inches.  This  obviously  leaves  only  a  small  volume  of  brick- 
work unprotected.' 


Band 


\\\\iii 


Plate  arch 


nun 

Plate  arch 


•^> 


vr;T?7"rrri-TTT7:B^:vvrvr777::::rr\Tr- 

I  -|        Plate  arch       |  | 


Plate  arch 


Figure    16. — Sketch   showing   construction   of   tuyere-breast  wall   with   cooling  platea 

between  cooler  arches. 


PROTECTION  OF  BRICKWORK  BELOW  THE  TUTERES. 

That  part  of  the  brick  lining  below  the  tuyfere  coolers  is  under  a 
rather  severe  load,  as  it  is  subject  to  the  slagging  action  of  cinder, 
which  accumulates  and  rises  along  the  hearth  waUs  and  is  then 
drawn  off,  and  also  to  the  back  thrust  of  the  blast.  To  prev^t 
severe  erosion  this  part  of  the  hearth  walls  is  almost  always  copiously 
cooled.  As  a  general  rule  two  plates  per  tuyire  are  inserted  at  this 
point,  or  24  plates  for  a  furnace  with  12  tuyeres.  On  a  500-ton  fur- 
nace the  plates  are  usually  placed  32  to  36  inches  below  the  center  line 
of  the  tuyftre,  being  spaced  horizontally  about  8  feet  center  to  center. 
As  the  plate  opening  is  about  2  feet  wide,  there  is  only  1  foot  of  brick- 
work horizontally  between  centers.  The  plates  are  set  back  about  9 
inches  from  the  inside  face  of  the  lining,  the  idea  being  that  this  depth 
will  be  sufficient  to  obtain  an  equilibrium  between  the  cooling  effect  on 
the  brickwork  and  the  attack  of  blast  and  slag,  so  that  a  sufficient 
thickness  of  brick  will  be  left  in  front  of  and  above  the  plates.  How- 
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eyer,  such  a  result  is  almost  never  attained.  Examination  usually 
shows  that  at  one  or  more  periods  when  corrosive  conditions  have 
been  unduly  severe  the  brickwork  has  disappeared  and  been  replaced 
with  graphitic  carbon,  slag,  and  other  substances,  so  that  although 
the  plate  may  have  been  naked  intermittently,  it  may  be  assumed 
to  be  insulated  normally  by  furnace  deposits.  It  is  rather  essential 
that  some  covering  about  the  plate  be  preserved,  as  sometimes  labor 
conditions,  slowness  in  handling  ladles  in  the  yard,  or  hard  tapping 
holes  delay  the  cast  so  that  iron  accumulates  in  the  hearth  and 
reaches  the  level  of  the  cooling  plates.  Unless  the  plates  are  in- 
sulated from  the  molten  iron  by  a  scab  of  slag  or  graphitic  carbon 
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they  are  likely  to  be  cut  and  explode  when  the  water  reaches  the 
fluid  iron* 

Such  plates  are  usually  cooled  by  connecting  them  below  and  be* 
tween  the  cooler  arches  in  series,  the  inlet  being  at  the  first  lower 
plate,  thence  to  the  second,  and  then  through  the  two  upper  plates 
between  the  coolers. 

OMISSION  OF  PLATES  BENEATH  THE  TUYEBE  CXX>l4ER3. 


A  few  plants  do  not  insert  the  plates  below  the  coolers,  but  bring 
the  water-cooled  hearth  jacket  up  to  the  bottom  of  the  cooler  arch, 
thus  relying  on  exterior  cooling.     Though  the  wall  becomes  much 
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thinner  before  a  cooling  effect  suffident  to  arrest  erosion  is  estab- 
lished, officials  of  these  plants  claim  immunity  from  explosions  of 
plates  or  breakouts  at  this  point. 

The  objection  to  this  construction  is  that  the  brickwork  beneatii 
the  tuyere  coolers  becomes  so  thin  that  only  an  insecure  foundation  is 
left  to  support  the  coolers,  and  they  may  drop  down  or  failure  may 
develop  beneath  them.  This  is  a  yalid  objection,  for  the  weaken 
place  in  a  furzuice  equipped  with  cooling  plates  is  immediately  about 
the  cinder  ^cooler  opening,  where  at  times  the  plates  must  be  left  oat 
because  of  lack  of  room.  Cinder  breakouts  occur  at  this  point,  be- 
tween the  top  of  the  hearth  jacket  and  cooler  ardies,  not  infrequently 
at  some  plants.  There  is,  of  course,  the  additional  effect  of  increased 
erosion  from  the  blast  when  the  furnace  is  "blowing  on  the  monkey'' 
(flushing  cinder  when  the  bla^t  blows  through  with  the  slag). 

USS  OF  PLATE  BOXES. 

At  a  few  plants  boxes  similar  to  the  plate  boxes  in  the  bosh  have 
been  used  at  tiiis  point,  but  they  are  not  satisfactory  because  they  re- 
quire cooling  with  sprays  on  the  inside  to  prevent  cinder  breakouts. 
Evidently  there  must  be  cooling  from  the  outside  face.  In  Southern 
practice,  when  these  plate  boxes  are  used  with  outside  cooling  also, 
they  are  cast  with  hollow  walls  in  which  water  is  circiilated.  This 
arrangement  has  proved  satisfactory,  but  probably  is  not  more  so 
than  a  simple  bronze  plate. 

REINFORCEMENT  OF  BRICKWORK. 

Although  there  are  a  few  plants  at  which  the  entire  tuyere  breast 
is  inclosed  in  cast  steel  or  iron  segments,  cooled  by  water  circulating 
through  pipes  cast  in  them,  the  tendency  seems  to  be  to  inclose  the 
tuyere-breast  brickwork  in  a  jacket  of  steel  plate,  holes  being  cut  in 
it  for  cooler  and  plate  openings.  This  jacket  extends  from  the  hearth 
jacket  up  to  the  bottom  bosh-band  and  makes  a  breakout  of  brick- 
work literally  inconceivable,  provided  it  is  water-cooled  by  plates. 

Where  the  brickwork  is  held  in  only  by  the  lower  bosh-band  and  a 
band  between  the  cooler  arches  and  bottom  row  of  bosh  plates,  there 
is  nothing  to  prevent  displacement  of  the  segment  of  brick  between 
the  coolers  and  bands  except  the  binding  effect  from  the  weight  of 
the  bosh  above  and  the  wedging  effect  of  the  cooler  arches.  The 
pressure  is  applied  on  the  under  or  concave  side  of  the  arch,  which 
obviously  offers  no  resistance  other  than  its  own  weight  and  inertia. 
Such  construction  is  not  safe. 

The  reason  that  unreinforced  brickwork  on  the  tuyfere  breast  is 
unsafe  is  apparent  from  the  previous  statement  (p.  25),  in  which  it 
was  shown  that  the  pressure  applied  to  the  inside  of  the  brick  wall 
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amoonted  ta,  m  an  extreme  case,  5,760  pounds,  which  tended  to  move 
the  walls  outward  and  to  produce  rupture.  If  the  resistance  of  the 
built-up  brick  wall  to  this  rupture  be  ignored,  and  its  resistance  may 
in  fact  be  slight,  it  follows  that  a  reinforcing  jacket  about  the  tuyere 
breast  is  necessary.  These  are  almost  universally  used  nowadays  on 
large  furnaces,  and  when  built  up  of  steel  plates  are  |  to  {  inch  thick. 
The  factor  of  safety  in  blast-furnace  construction  is  very  large  at  this 
point,  as  may  be  seen  from  the  following  figures: 

rp—  px  dx  f 
2XS 

T= thickness  of  plate. 

p=pressure  In  pounds  per  square  inch. 

<2=dlameter  in  inches. 

/=factor  of  safety. 

S=tenslle  strength  of  plate. 
„     30X192X10     ^^^.     , 
^=    2X55,000  =Q-52^nch. 

When  instead  of  a  tuyere-breast  jacket  only  two  12*inch  bands 
are  used,  one  immediately  below  the  bosh  and  just  above  the  cooler 
arches,  with  the  other  just  below  the  cooler  arches  and  a  short  dis- 
tance above  the  hearth  jacket,  then  if  the  tuyere  breast  be  4|  feet 
high,  it  is  evident  that  the  bands  will  cover  but  four-ninths  of  the 
total  area  and  should  therefore  be  made  correspondingly  heavier 
than  the  tuyere-breast  jacket.    For  example,  if  a  factor  of  safety 
of  10  requires  a  thickness  of  tuyere-breast  jacket  of  i  inch,  then  if 
the  duty  of  the  jacket  is  to  be  carried  by  two  bands  like  the  ones 
mentioned  above,  they  should  be  11  inches  thick  by  12  inches  wide. 
As  a  rule  these  bands  are  1  inch  to  If  inches  thick,  and  the  lower  band 
is  often  made  the  heavier  of  the  two.      The  reason  for  this  is  that 
the  lower  one  carries  most  of  the  load  imless  buckstays  are  placed 
about  each  cooler  arch  and  held  by  the  bands  to  prevent  bulging 
of  the  brickwork.    Without  such  buckstays  in  addition  to  the  two 
bands,  it  is  apparent  that  each  cooler  inserted  in  its  opening,  which 
has  the  shape  of  a  truncated  cone,  forms  a  pier  that  receives  the 
thrust  of  ikdjacent  brickwork  resulting  from  its  expansion  and  its 
tendency  to  be  forced  by  interior  pressure.    The  cooler  is  primarily 
held  in  place  by  the  pressure  of  the  blowpipe  against  the  tuyfere 
stock.    The  stock  is  held  by  the  bridle  rod,  which  is  attached  to  the 
bridle  post,  and  the  post  is  fastened  to  the  lower  band,  which  thus 
prevents  displacement  of  the  brickwork  about  the  cooler.    This  is 
obvioudy  a  roundabout  way  of  transmitting  the  thrust  of  the  oooler 
to  the  band,  and  as  a  rule  the  coder  is  andiored  by  infixing  a  forged 
steel  piece  between  the  cooler  and  the  bridle  post.    When  resistance 
to  internal  pressure  is  provided  by  vertical  buckstays  between  the 
bands,  the  oooler  is  anchored  to  the  buckstays,  which  is  preferable 
in  that  it  distributes  the  load  over  botii  bands.    Anotiier  practice 
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is  to  provide  a  second  auxiliary  bridle  rod  between  the  tuyere  stock 
and  the  upper  band.    (See  fig.  18  and  PL  IL) 


PACKING  OF  TUYERE  COOLERS. 


In  addition  to  the  possibility  of  breakouts  from  the  brickwork 
being  displaced,  cut  through  by  the  blast,  or  slagged  away  by  cinder, 


Fiotme  18. — Tuy5re  stock,  showing  lag  for  auxiliary  bridle  rod. 


there  is  also  a  possibility  of  cinder  breakouts  between  the  brickwork 
and  tuyere  coolers,  which  is  only  minimized  by  good  packing.    Thel 
coolers  are  never  made  to  fit  snugly  in  the  cooler  arches,  because  it  isl 
impossible  to  get  the  necessary  continuous  contact  and  because  the 
cooler  arch  may  not  give  the  cooler  a  true  position  if  it  must  fit  in 
it  snugly  between  the  brick  and  cooler  surface  by  this  means,  so  a 
packing  space  of  1  to  1|  inches  is  left.    The  coolers  are  set  before 
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starting  the  furnace  and  are  usually  packed  much  more  tightly  than 
is  possible  when  they  must  be  replaced  later  on.  One  method,  not 
much  in  favor,  is  to  run  neat  cement  in  about  the  cooler  and  brick- 
work Another  is  to  pack  the  space  with  day,  tightly  rammed  in 
from  both  inside  and  outside  the  furnace;  sometimes  asbestos  rope  is 
rammed  in  the  front  space  to  make  an  extra  ti^t  packing.  A  few 
plants  use  asbestos  packing  throughout.  The  plates  are  similarly 
packed.  Whether  the  job  is  done  on  relining,  or,  as  is  occasionally 
necessary,  during  the  blast,  it  is  recognized  that  the  packing  must  be 
thoroughly  done,  it  being  the  poorest  economy  to  save  time  by  im- 
proper packing.  This  is  for  two  reasons ;  the  blast  will  find  the  weak 
spot  in  the  packing,  and  a  cinder  breakout  will  follow,  making  an- 
other ^utdown  necessary;  or  the  weak  spot  will  yield  from  a  slip 
and  the  slag  and  gas  burst  out.  The  cooler  nose  is  generally  set  back 
I  inch  to  2  inches  from  the  inside  face  of  the  lining,  so  that  it  be- 
comes covered  with  a  crust  of  graphite  and  slag  and  is  not  exposed 
to  pockets  of  molten  iron,  which  will  cut  it,  come  in  contact  with 
water,  and  cause  an  explosion. 

BLOWPIPSS  Alflil)  EYESIGHTS. 

Another  danger  point  of  a  slag  breakout  is  in  the  blowpipe  and 
eyesight  Sometimes  through  a  furnace  working  cold  on  the  bottom, 
or  to  one  side,  or  for  no  apparent  reason,  cinder  will  lay  in  front  of  the 
tuyere  where  it  can  be  seen  through  the  eyesight,  tossing  and  rolling 
away  as  the  blast  rushes  from  the  tuyfere  nose  into  the  furnace.  This 
condition  may  persist  even  after  repeated  draining  of  slag  from  the 
cinder  notch,  and  sometimes  only  gas  and  a  few  globules  of  slag  can 
be  drawn  at  the  cinder  notch  while  a  large  volume  of  slag  is  banking 
up  about  one  or  more  tuyeres.  The  usual  remedy  is  to  reduce  the 
blast  as  much  as  possible  and  still  keep  the  slag  from  running  back 
and  raise  its  temperature  as  high  as  possible.  This  sometimes  ^  dries  " 
the  tuyeres,  but  occasionally  the  slag  suddenly  runs  into  the  blowpipe, 
where,  as  it  usually  carries  metallic  iron,  it  cuts  through  and  makes 
an  opening  through  which  a  large  volume  of  slag,  coke,  and  gas 
blows  out.  Another  possibility  is  that  the  furnace  burden  will  slip 
and  force  the  slag  into  the  blowpipe.  Sometimes  the  slag  is  driven 
up  into  the  bustle  pipe  over  into  the  hot-blast  main,  and  has  been 
known  to  fill  one  or  two  hot-blast  valve  chambers.  The  blowpipe 
may  hum  at  this  time  and  cause  a  similar  or  worse  "  mess."  The 
force  of  the  impact  of  slag  against  the  pipe  and  stock  may  burst  the 
glass  of  the  eyesight,  or  with  old  types  of  eyesights,  throw  them  open, 
when  a  jet  of  red-hot  liquid  slag  will  spurt  out,  as  if  from  a  high- 
pressure  pump,  into  the  cast  house. 

There  is  no  adequate  safeguard  to  prevent  slag  coming  into  the 
blowpipes,  although,  of  course,  many  flap  valves  and  relief  valves 
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hare  been  patented  which  have  never  been  long  used  because  they  are 
without  exception  intricate  or  difficult  to  keep  in  working  order. 
The  blowpipes  are  made  as  heavy  and  with  as  thick  walls  as  possible 
compatible  with  the  necessity  of  taking  them  down  and  putting  them 
up  by  hand  almost  daily.  For  this  reason  the  pipe  walls  should  not 
be  thicker  than  seven-eighths  inch,  which  is  sufficient  to  withstand  a 
very  severe  attack,  and  are  usually  one-half  inch  thick.  They  are 
usually  made  of  the  best  grade  of  Bessemer  iron,  as  a  poor  grade  will 
bend  and  cut  more  easily.  A  few  plants  use  blowpipes  made  of  lap- 
welded  steel  pipes.  Such  pipes  may  be  cheaper  under  local  condi- 
tions, but  are  not  as  resistant  to  attack  by  slag  and  iron. 

TYPES  or  EYXSXGKTS. 

The  eyesight  has  received  much  attention,  and  several  safe  and  ex- 
cellent types  are  now  in  use.  It  is  to  be  kept  in  mind  that  when  the 
furnace  is  being  taken  off  at  cast,  or  checked,  it  is  usually  necessary 
for  some  one  to  watch  the  tuyeres  to  see  that  cinder  does  not  enter 
them.  If  the  slag  is  suddenly  dashed  back,  the  glass  of  the  eyesight 
may  be  shattered  or  the  eyesight  may  be  pushed  from  its  seat,  and  the 
observer  be  caught  and  burned. 

Obviously,  the  elementary  precaution  is  to  have  a  glass  eyeaght, 
but  there  are  plants  at  which  the  keeper,  blower,  or  helper  opens  a 
blind  sight  and,  with  the  blast  blowing  in  his  face,  attempts  to  peer 
into  the  tuyere.  Because  of  the  difficulty,  and  the  danger  of  flying 
dust  getting  into  his  eyes,  it  is  apparent  that  the  watcher  may  de- 
vote minimum  attention  to  the  working  of  the  furnace  at  the  tuyeres, 
thus  increasing  the  possibiUty  of  a  blowpipe  burning 

The  size  of  the  aperture  for  the  glass  need  not  be  large;  three- 
eighths  inch  is  as  near  standard  as  any  other  figure,  although  many 
are  twice  as  large.  It  may  be  as  small  as  one-eighth  inch  with  cer- 
tain types  of  eyesights,  and  the  smaller  the  aperture  the  less  chance 
of  the  glass  flying  out  if  a  splash  reaches  it  or  if  it  i^ould  crack  from 
any  other  cause.  Many  furnaces  use  an  eyesight  (see  fig.  19)  one- 
eighth  inch  in  diameter,  and  it  affords  a  good  view  of  the  entire 
surface  of  the  tuyere.  The  farther  back  from  the  tuyfere  cap  the 
eyesight  is,  the  larger  the  eyesight  opening  may  be  without  danger 
of  breakage  from  coke  or  slag.  An  example  of  such  an  eyesight  is 
shown  in  figure  20. 

Both  these  types  are  also  safe  from  being  thrown  open.  A  third 
type  is  shown  in  figure  21,  and  a  fourth  in  figure  22.  A  type  still  in 
use  at  many  plants  in  western  Pennsylvania  is  shown  in  figure  23. 
This  type,  being  held  down  only  by  the  counterweight  a,  can  be 
thrown  open  on  severe  slips  to  allow  cinder,  coke,  or  gas  to  blow  out ; 
so  that  it  is  disliked  in  other  districts. 
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XXAMPZiXB  OT  TUY&ILB-BKEAST  BBKAXOVTS. 

In  the  following  paragraphs  are  given  instAnces  of  tay%i«-breast 
breakouts, 

1.  At  a  plant  where  the  iron  was  cast  in  beds,  both  beda  were  full, 
owing  to  trouble  with  the  iron  carriers,  and  the  furnace  had  gone 
beyond  the  usual  casting  time.  Cinder  had  been  flashed  several 
times,  and  at  the  last  fiush  the  iron  had  risen  so  high  that  it  came 
over  the  "  monkey "  (or  cinder  notch)  and  burned  it.  As  it  was 
thought  that  the  bed  would  soon  be  cleared,  the  blast  was  kept  on 
until  cinder  showed  at  the  tuyeres.  Under  these  conditicms  the  blast 
could  not  be  taken  off  without  the  blowpipes  becnning  filled  with 
cinder,  nor  could  under  be  drawn  off  at  the  cinder  notch  for  fear  of 
the  cinder-notch  cooler  exploding.  About  two  hours  after  casting 
time  one  bed  was  cleared  and  the  crew  went  on  the  drill,  when  the 
furnace  wall  collapsed  near  one  of  the  tuyeres 

next  to  the  tapping  hole,  throwing  out  the  brick- 
TTork  together  with  molten  iron  and  slag.  Several 
men  were  injured.  The  furnace  did  not  slip,  had 
been  working  regularly,  and  the  accident  was  evi- 
dently due  to  failure  of  a  presumably  thin  wall 
under  too  heavy  a  load.  The  tuyere  breast  was 
held  in  by  hands  above  and  below  the  eocders 
and  had  no  cooling  plates  in  the  brickwork. 

2.  The  furnace  at  another  plant  had  been  work- 
ing badly  and  scouring  the  walls,  while  cinder  and 

iron  kept  coming  into  the  blowpipes.  The  iron  fibum  iB.^Eyenight 
finally  ran  out  between  the  cooler  and  brickwork,  with  i-inch  «per- 
vhere  it  cut  the  bronze  and  exploded  on  contact 
with  the  cooling  water.  The  cooler  was  blown  out  with  great  vio- 
lence; slag,  coke,  and  gas  shot  from  the  furnace  and  killed  two  men. 
This  accident  may  be  regarded  as  purely  accidental  and  a  hazard 
of  the  work. 

3.  A  furnace,  which  was  hanging,  slipped  after  about  two  hours ; 
a  section  of  brickwork  blew  out  between  the  cooler  arches,  bursting 
the  band.  Incandescent  coke  and  cinder  blew  out  above  the  tuy&re 
and  burned  a  helper  fatally. 

4.  In  another  instance  a  blowpipe  was  loose  and  the  hot-blast  man 
started  to  tighten  the  nut  on  the  bridle  rod.  The  bridle  post  was  a 
round  pin  which,  under  the  added  strain,  evidently  turned  in  its 
socket,  allowing  the  bridle  rod  to  slip  off.  The  blowpipe  dropped 
immediately  and  the  man  was  caught  in  a  sheet  of  flame  from  the 
tuyere. 

5.  At  another  plant  the  furnace  walls  beneath  the  tuy&res  were 
eaten  away  by  the  slag  and  blast,  and  failed  at  a  place  near  the 
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cinder  cooler.  The  cinder  with  melted  iron  came  through,  caused 
some  damage  by  cutting  the  iron  hearth  jacket,  and,  cutting  a  lai^ 
hole,  flowed  out  over  the  cast-house  pavement.  No  men  were  injured. 
After  the  mess  had  been  cleared  away,  fire  clay  and  crushed  brick 
were  rammed  into  the  hole,  and  a  9-inch  wall  was  built  on  the  face 
and  wedged  in  tightly.  A  small  water  spray  was  put  on  and  the 
furnace  started.  No  more  trouble  was  experienced.  This  incident 
is  typical  of  the  usual  slag  breakout,  and  many  other  examples  could 
be  given. 

6.  A  furnace  was  being  checked  under  difficulties  as  it  was 
"  sloppy  "  at  several  tuyferes  and  the  cinder  tended  to  run  into  the 
blowpipes.  The  foreman  had  checked  the  furnace  once  and  was 
stepping  from  eyesight  to  eyesight  to  watch  the  tuyeres;  the  helper 
was  also  similarly  engaged.  The  helper  suddenly  shouted,  indicating 
that  cinder  was  coming  back,  and  jumped  aside.     The  foreman 

sprang  to  the  whistle  switch  to  signal  for  the 
blast  to  be  put  on,  and-  while  standing  at  the 
switch  for  the  brief  instant  necessary,  the  blow- 
pipe burned  through  and  he  was  struck  on  the 
back  with  a  shower  of  coke  and  slag  and  burned 
severely. 

7.  At  another  furnace  there  had  been  difficulty 
in  taking  the  furnace  off  at  cast.  Cinder  came 
into  the  blowpipes,  and  the  snort  valve  could 
not  be  opened.  As  a  fierce  flame  showed  at  the 
tapping  hole,  preparations  were  made  for  a  quick 
FioDRB  20. — Eyesight  stop,  the  blast  was  thrown  off,  and  the  men 
with  glass  set  hack  swung  the  uose  of  the  mud  gun  into  the  hole. 

from  tuyfere  cap.  Ai-^-iT  -xxj  j-  -i- 

At  the  same  mstant,  cinder  and  iron  came  mto 
the  blowpipe,  which  was  above  them,  burned  through,  and  caught 
two  men,  causing  severe  burns  on  their  faces,  arms,  and  bodies. 

8.  In  another  instance  iron  accumulated  in  the  hearth  of  a  furnace 
and  rose  up  in  contact  with  the  coding  plates  beneath  the  tuyeres. 
An  explosion,  caused  by  a  leaky  plate  or  by  the  molten  iron  cutting 
the  plate,  threw  the  plate  about  200  feet  from  the  furnace,  A  shower 
of  molten  iron  followed,  but  fortunately  no  men  were  injured. 

9.  A  similar  explosion  blew  out  the  side  of  a  furnace  above  the 
hearth  jacket. 

10.  A  breakout  of  gas,  coke,  and  cinder  from  a  tuyere  opening  was 
caused  by  a  lug,  cast  on  the  gooseneck  breaking  off.  This  allowed  the 
stock  hanger  to  fall;  then  the  stock  swung  aside,  the  blowpipe 
dropped,  and  the  furnace  contents  blew  out.  No  one  was  injured.  A 
similar  accident  occurred  when  a  bridle  rod  burst  and  allowed  the 
blowpipe  to  drop.    In  this  case  a  workman  was  killed.    Both  acci- 
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dmts  happened  without  warning  and  in  absence  of  any  such  work 
being  done  as  tightening  the  ^ocit  hangers  or  bridle  spring. 

11.  The  hazard  from  occasional  duties  about  the  furnace  is  ^own 
by  on  accident  in  which  several  men  were  severely  burned.  The  fur- 
nioe  bod  been  blown  out  and  after  the  last  cast  the  crew  were  engaged 
in  taking  down  the  blowpipes,  two  gangs  being  at  work.  Without 
wuning,  a  mass  of  material,  presumably  a  scaffold  whidi  had  be- 
come loosened  by  the  heat  and  water,  incident  to  blowing  out,  fell 
into  the  hearth  and  blew  a  cloud  of  incandescent  carbon  dust  and 
gas  from  the  tny^re  openings.  A  similar  acci- 
dent whidi  occurred  at  another  plant  cost  several 
lives. 

FB£V£HTIOK  OF  TTTT^E-BBE&SI  OS  BOSH 
BBEAZOTJTS. 

nCFOBTANCE   OT  COBSXCT   CONSTBVCTION. 

Safe  methods  of  practice  are  of  little  avail  in 
preventing  tuyere-breast  or  boEsh  breakouts,  if  by 
faulty  design  or  construction,  weakly  built,  in-    ^'"^^  2u-Ejfasbt. 
sufficiently  reinforced,  or  improperly  cooled  aeg- 
menta  of  brickwork  have  been  incorporated  in  this  part  of  the  fur- 
nace.   Modifying  methods  of  practice  is  of  little  benefit  because  of 
the  suddenness  with  which  such  accidents  occur.     I'ossibly  95  parts 
of  prevention  lie  in  construction  and  5  parts  in  experience,  resource- 
fnlneas,  and  arrangement  of  the  cast  house  for  accessibility  of  signals 
and  posibilities  of  escape. 

COOUNO. 

The  bosh  plates  should  be  flushed  out  regularly  to  prevent  loeB  of 
cooling  efficiency  from  sediment  depositing  in  them.  Hot  spots  on 
the  bo^  jaclrat  should  be  remedied  by  putting  on  additional  sprays. 
The  use  of  longer  tuyeres  is  effective  in  correcting  any  tendency  to 
local  heating  on  the  side  of  a  bosh  jacket.  A  longer  tuyere  also 
diminishes  the  tendency  to  cutting  about  the  bosh  plates,  between 
the  tuyere  arches,  on  the  tuyere  breast  walls,  or  near  the  cinder  cooler. 
At  best  longer  tuyeres,  tuyferes  with  a  smaller  nose,  or  plugged  tuyeres 
are  but  temporary  expedients  and  if  they  must  be  persistently  used 
to  prevent  fast  or  abnormal  working  on  the  walls  and  severe  erosion, 
their  use  is  lil^ly  to  produce  off-grade  iron  and  dangerous  conditions 
of  Bc&ffolding,  hanging,  and  slipping. 

SXOin.ABITT  or  FUBNACE  OPEBATIOIT. 

This  brings  the  discussion  into  the  realm  of  stock  distribution,  lo- 
cation of  gas  offtakes,  blast  distribution  in  the  hearth,  burdening  and 
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Suzing,  lines  of  the  famace,  use  of  high  heat,  regular  Mast,  and  the 
various  and  many  factors  contributing  to  uniformity  in  pntctioe,  free- 
dom fnHn  slipping  and  scaffolding,  and  long  life  of  the  lining.  These 
factors  are  not  without  relation  to  bosh  breakouts,  but  most  be  paKed 
by  with  the  statement  that  careful  operation  is  a  requisite  for  pre- 
vention. 

AABAHOEMENT  OT  CAST  BOUSE  AVB  SIOITAZS. 

The  arrangement  of  the  cast  house  should  provide  for  security  in 
case  of  boeh  breakouts.    Means  of  exit  should  be  provided  about  the 
fnmace  itself,  on  at  least  two  sides,  and  in  addition  there  should  be  au 
exit  from  the  foot  of  the  cast  house.    If  the  cast-house  floor  is  at  a 
considerable  hei^t  from  the  yard  level,  Bteps  or,  still  better,  inclines, 
should  be  provided  with  strong  railings.    There  should  be  a  shield 
between  the  suort-valve  lever  or  wheel  and  the  furnace,  and  the  wheel 
should  Bot  be  in  direct  line  with  a  tuyere  opening.    In  addition  to  the 
blowing-room  signal  at  the  snort-valve  wheel  an  emergency  signal 
should  be  placed  at  some  other  point 
about  the  cast  house,  preferably  in 
some  unexposed  place  outside — for  in- 
stance, near  and  behind  the  No.  1 
stove.    When  this  is  inconvenient,  die 
emergency  signal  can  be  placed  in  the 
cast  house  on  the  opposite  ^de  of  the 
furnace  from  the  one  in  common  use 
or  immediately  outside  a  doorway.    A 
noteworthy  safety  device  is  an  auxil- 
F.oBu  2a._Br™igbt,»top-cocktrpe.    i^jy  arrangement  by  which  the  snort 
valve  on  the  cold-blast  main  may  be  opened  from  beneatii,  inde- 
pendently of  the  cast-house  lever  or  wheel. 

OTHES  PBECAunONS  HI  CAST  HOTTSE. 

With  these  arrangements  made  the  last  precaution  is  to  inast  that 
members  of  the  force  not  belonging  to  the  cast-house  crew  must  not 
make  a  habit  of  walking  through  the  cast  house  in  proximity  to  the 
furnace.  When  the  furnace  is  working  irregularly,  slipping  heavily, 
or  being  checked  after  hanging,  men  should  be  warned  to  keep  away 
from  the  front,  from  underneath  blowpipes,  and  to  use  every  pre- 
caution and  be  alert  when  watching  the  tuyferes. 

HEASTH  BKCAXOTTTS. 

During  the  past  few  years  serious  breakouts  occur  more  frequently 
at  the  hearth  than  at  the  bosh  and  tuyere  breast.  In  fact,  this 
has  always  been  so,  but  with  small  amounts  of  iron  in  the  hearth 
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the  breakouts  were  not  necessarily  serious,  especially  as  the  blast 
pressure  was  not  high.    With  increasing  tonnage  and  fast  driving, 
they  assumed  serious  proportions,  sometimes  wrecking  the  f  urimce, , 
occasionaUy  costing  lives,  and  almost  always  causing  bad  messes,, 
delays,  and  inconvenience. 

BBEAXOTTTS  THBOUGH  THE  HSABTH  JACKET. 

The  destructive  agencies  within  the  hearth  walls  are  as  follows: 
(1)  Erosion  of  the  hearth  walls  by  the  blast,  especially  over  the 
tapping  hole;  (2)  disintegration  of  the  brickwork  by  the  chemical 
action  of  liquid  slag  and  iron;  (8)  mechanical  action  of  fluid  iron  in 
penetrating  the  joints  of  the  brickwork.  The  result  of  these  attacks 
is  indicated  in  figure  24. 

It  is  evident  that  the 
bringing  down  and  accu- 
mulation of  molten  iron 
and  slag  in  a  zone  of  inten- 
sive combustion,  pressure, 
and  heat  require  excep- 
tional construction.  Im- 
provement in  strength,  in- 
solation, and  cooling  has 
developed  this  part  of  fur- 
nace   design    to    a    point 

where  plants  at  which  one  ^'^^'  23.-Bye8lght  with  counterweight. 

or  more  breakouts  always  occurred  during  a  blast,  have  reduced  the 
danger  of  breakouts  to  an  almost  negligible  factor. 


THINNING  OF  THS  HEARTH  WAUEJB. 

One  point  should  be  kept  in  mind  in  regard  to  hearth  breakouts, 
and  that  is — ^regardless  of  the  thickness  of  hearth  walls  or  the  cooling 
intensity  on  the  exterior,  all  furnaces  become  worn  away  on  the  in- 
side in  much  the  manner  shown  in  figure  24,  so  that  the  wall  becomes 
relatively  thin  and  retains  its  form  only  by  virtue  of  the  cooling  and 
reinforcement  of  a  metal  jacket.  This  condition  is  found  in  furnaces 
blown  out  eyen  after  a  i^oit  run.  The  study  of  the  cause  of  this 
condition  and  of  means  of  holding  the  hearth  walls  after  it  has 
developed  provide  a  basis  for  understanding  the  occurrence  of 
breakouts. 

ABRASION   BT  THE  BLAST. 

The  thinning  of  hearth  walls  is  partly  attributed  to  the  erosive 
action  of  currents  of  gas,  caused  from  combustion  and  the  blast, 
when  the  cinder  and  iron  is  low  after  a  cast.    Erosion  is  effected  as 

74142*— BuU.  130—17 i 
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in  the  bosh  and  tuyftre-breast  walls,  and  is  especially  acjtive  when  at 
easting  or  flushing  the  gas  sweeps  down  along  the  wall  and  blows 
out  of  the  tapping  hole  or  cinder  notch.  Although  the  temperature 
may  be  theoretically  too  low  to  melt  fire  brick,  it  is  high  enough  to 
soften  it  so  that  it  may  be  abraded  by  coke  ground  against  it  by  the 
back  thrust  of  the  blast. 


^Concrete  be86 

»     o 

-Yard  level 


^ 
o 


1 


r 
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Figure  24. — Diagram  showing  how  hearth  walla  are  attacked. 


ATTACK  OF  BLAG. 


Added  to  this  erosion  is  the  attack  of  slag.  While  the  comx>osition 
of  blast-furnace  slag  is  frequently  acid,  that  is,  rich  in  silica  and 
alumina,  nevertheless  even  when  viscous  with  silica,  it  will  combme 
with  avidity  with  more  silica.  This  is  because  slags  of  even  pro- 
nounced acidity,  as  regards  furnace  requirements,  are  basic  from  a 
mineralogist's  standpoint.  Of  greater  significance,  however,  is  the 
physical  state  of  the  slag  and  its  effect  on  the  facility  with  which  the 
slag  will  attack  brickwork.    A  thinly  liquid  slag  will  penetrate  the 
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interstioes  and  joints  of  the  brickwork  more  easily  than  will  viscous 
aluminoos  or  mucilaginous  limy  slags.  Such  slags  tend  to  adhere  to 
the  walls  and  to  freeze  in  cavities,  whereas  a  fluid  slag  is  more  likely 
to  drain  from  the  walls  at  each  cast  and  flush,  and  on  rising  it  again 
attacks  the  exposed  surface  of  the  constantly  enlarging  cavities  in  the 
brickwork.  All  refractory  materials  tried  are  destroyed  by  the  physi- 
cal-chemical activities  of  heat,  erosion,  and  slag,  and  with  a  sharp 
slag  and  highly  heated  furnace,  corrosion  will  bring  about  an  unper- 
ceived  destruction  of  hearth  walls  in  a  very  short  run,  the  hearth 
waUs  sometimes  losing  3  feet  of  thickness. 

This  action  continues  to  the  point  where  the  chilling  effect  of  the 
water-cooled  hearth  jacket  is  sufficient  to  prevent  softening  or  slag- 
ging of  the  brick.  Erosion  is  also  retarded  by  the  separation  of 
graphite  from  the  iron,  but  this  factor  probably  does  not  assume 
much  importance  until  the  hearth  wall  has  been  cut  back  to  a  point 
where  the  cutting  action  of  the  blast  is  less  vigorous  than  in  the  plane 
12  to  18  inches  back  from  the  nose  of  the  tuyere  and  where  the  chill- 
ing effect  becomes  more  intense.  This  is  indicated  by  the  contour  of 
the  hearth  walls  of  furnaces  blown  out  after  a  short  run.  In  one  case 
the  hearth  walls  of  a  furnace  in  blast  only  six  weeks  showed  a  depth 
of  erosion  of  22  inches  on  a  31|-inch  wall  at  the  deepest  point  This 
is  as  much  as  is  found  in  some  furnaces  in  blast  for  a  number  of  years. 
After  the  destruction  of  the  hearth  wall  has  been  arrested  by  the  cool- 
ing jacket,  the  graphitic  coating  deposited  over  the  brickwork  aids 
greatly  in  preserving  the  remaining  ring  of  brickwork,  as  the  graph- 
ite is  not  affected  by  nonfemiginous  slag. 

The  graphite  coating  is  rarely  homogeneous.  On  examination  it  is 
found  to  be  composed  of  flakes,  layers,  and  stratifications,  between 
which  are  veins  of  slag  and  iron.  These  layers  are  evidently  built  up 
as  the  furnace  alternately  scours  and  incrusts  the  wall  with  varying 
conditions  of  graphitic  or  white  iron,  limy  or  raw  cinder,  hot  or  cold 
working.  Various  analyses  have  been  made  of  this  material;  three 
typical  analyses  are  given  below : 


Typical  analyses  of  graphitic  coating  on  hearth  noaUs* 


Constituent. 


Qraphite . . . 

Iron 

ffllicon 

Tltaidam... 
Blag 


Percent 


25.3 

70.0 

1.9 

1.9 


Peroent. 
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CRACKING  or  THE  WAIX8. 


The  protected  brickwork  may  be  destroyed  unless  held  solidly  in  a 
ti^t,  jointless  ring,  with  no  opportunity  to  develop  cleavage  cracks 
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through  displacement  by  expansion.  Fire  brick  expands  approxi- 
mately 0,5  per  cent  in  volmne  on  being  heated  to  incandescence  and 
before  it  Titrifiea  Consequently  if  the  hearth  walls  are  not  held 
equally  rigid  about  their  circumference,  that  segment  or  wedge  op- 
posed by  the  least  resistance  will  move  out  bodily,  forming  a  crack 
from  the  inside  to  the  outside  face. 

It  is  considered  that  loosely  held  brickwork,  because  of  the  possi- 
bility of  cracks  developing  in  it,  gives  the  greatest  danger  of  break- 
outs. When  such  a  crack  forms,  the  molten  iron  penetrates  it  in- 
stantly, and  if  not  checked  by  the  hearth  jacket  may  come  through. 
There  may  be  6  feet  of  fluid  iron  above  the  tapping  hole  and  2  feet  of 
slag  above  the  iron.  The  pressure  per  square  inch  of  1  foot  of  iron 
is  3  pounds,  and  1  foot  of  slag,  1  pound,  so  that  in  this  case  the 
pressure  is  20  pounds.  If  to  this  a  blast  pressure  of  25  pounds  be 
added,  a  total  pressure  of  45  pounds  per  square  inch  is  exerted  on  the 
molten  iron  at  the  bottom  of  the  hearth. 

DEVEIiOPMEKT  OF  BRBAKOrTTS  THBOUOH  THB  JACKFT. 

As  a  rule,  breakouts  through  the  hearth  jacket  occur  suddenly.  If 
cleavage  cracks  form  slowly  with  the  iron  following  them,  the  water 
on  the  hearth  jacket  or  in  the  circulating  coils  becomes  steamy  several 
hours  before  the  crack  reaches  the  jacket,  and,  by  cooling  the  jacket 
vigorously  with  a  large  volume  of  circulating  water,  the  fluid  iron 
may  be  chilled  and  the  crack  stopped.  Undue  thinning  of  the  walls 
is  similarly  shown  up  and  combated.  However,  if  the  crack  opens 
suddenly,  as  is  frequently  the  case,  a  jet  of  fluid  iron  is  forced 
through  the  joint  and  penetrates  without  warning  to  the  hearth 
jacket.  Unless  this  invading  molten  mass  is  instantly  solidified  by 
the  cooling  effect  of  the  hearth  jacket  it  melts  a  hole  in  the  jacket 
and  the  entire  fluid  contents  of  the  hearth  above  this  point  are 
ejected  with  considerable  velocity.  The  opening  enlarges  very  fast, 
sometimes  until  it  is  large  enough  to  put  a  barrel  through. 

If  the  liquid  iron  comes  in  contact  only  with  dry  masonry,  sand, 
or  filling,  no  explosion  takes  place.  If  it  runs  into  small  amounts  of 
water,  violent  explosions  and  heavy  concussions  result  Frequently 
at  a  single  breakout  a  series  of  sharp  detonations  occur  in  rapid  se- 
quence, the  sound  of  which  is  not  comparable  to  that  of  any  ex- 
plosive, and  is  never  forgotten.  When  the  iron  runs  onto  damp  ma- 
terial, similar  explosions  may  take  place  or  steam  may  be  rapidly 
generated  and  heave  the  pavements  and  floor  plates.  If  there  is 
enough  water  to  chill  the  iron,  there  may  be  no  explosion. 

The  cause  and  nature  of  explosions  from  iron  is  fully  discussed  on 
pages  172  to  174. 
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THiGoonesB  <Br  ths  hearth  walls* 

The  combating  of  breakouts  through  the  hearth  walls  above  the 
tapping  hole  has  developed  standard  forms  of  construction.  Al- 
though a  few  plants  persist  in  building  the  wall  of  the  hearth  very 
thick,  in  some  cases  as  much  as  5  feet,  it  is  more  generally  thought 
that  safety  does  not  lie  in  thick  walls  but  that  they  rather  increase 
the  danger .<^  Many  believe  that  the  lining  of  refractory  brick  in  the 
hearth  walls  should  not  be  more  than  36  inches  thick.  After  such  a 
wall  has  been  eroded  to  a  thickness  where  cooling  is  effective,  the 
contour  of  the  furnace  interior  as  finally  established  brings  the 
face  of  the  lining  far  enough  from  the  nose  of  the  tuyere  so  that  the 
cutting  effect  of  the  blast  is  not  severe.  Few  plants  go  as  far  as  to 
reduce  the  initial  thickness  of  the  brick  to  that  observed  in  heavy 
walls  after  thinning  is  effected.  Making  the  walls  only  18  or  22^ 
inches  thick  insures  efficiency  in  water  cooling  from  the  start,  but 
it  is  urged  that  the  cutting  action  of  the  blast  on  such  thin  walls 
may  extend  to  nearly  the  same  depth  as  with  a  3- foot  wall,  resulting 
in  an  extremely  thin  sheet  of  brick  between  the  hearth  jacket  and 
hearth  contents.  This  is  perhaps  hazardous  in  that  with  a  change 
in  the  composition  and  character  of  slag  and  iron,  or  blast  pressure 
and  penetration,  a  different  shape  of  face  and  different  rate  of 
erosion  of  the  hearth  walls  is  introduced ;  a  more  serious  result  is  that 
a  wide  joint  at  the  foot  of  the  jacket  lining,  between  the  hearth  walls 
and  bottom  is  lacking  or  may  fail  partly  so  that  the  anchoring  effect 
of  a  substantial  hearth  wall  over  the  hearth  bottom  brick  is  lacking, 
which  makes  it  possible  that  the  bottooi  will  float  up. 

Although  average  hearth-wall  thickness  can  not  be  calculated,  the 
thickness  generally  lies  between  31^  and  42  inches.  The  wall  is  built 
of  standard  hearth  and  bosh  fire  brick,  13|^inch  and  9-inch  keys, 
and  straights  being  employed.  These  bricks  are  laid  in  a  thin  grout- 
ing of  fire  clay  of  the  same  material  and  are  rubbed  together  and 
beaten  in  place  with  wooden  mallets  to  make  the  closest  possible 
joints,  all  joints  being  lapped  on  adjoining  courses. 

USE  OF  PACKING  BETWEEN  HEARTH  WALL  AND  JACKET. 

Practice  varies  in  regard  to  the  packing  space  between  the  hearth 
wall  and  hearth  jacket;  some  plants  use  packing,  others  do  not. 
The  USB  of  packing  is  based  on  the  presumption  that  cracks  are 
bound  to  devriop  in  the  bridswork,  and  that  a  ring  of  some  material, 
independent  of  the  brick,  must  be  placed  between  the  brick  and 
jacket  so  that  molten  iron  following  a  crack  can  not  penetrate  to  the 
jacket.    Also,  it  is  claimed  that  packing  allows  for  the  inevitable 

•Konig,  R.,  Uber  Mlttel  zur  Verhdtung  von  RolieiseiMlurcbbrttchen  bei  HochOfen: 
Stafal  nnd  Eiaen,  1918,  Jahrg;  88,  pp.  48&-486. 
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adjustment  of  hearth  walls  that  results  from  expansion  stresses. 
The  two  claims  are  somewhat  contradictory  in  that  the  packing  is 
supposed  to  combat  the  effects  of  the  cracking  which  it  permits. 

At  some  plants  no  packing  is  used  and  the  brickwork  is  laid  tigiitly 
against  the  jacket,  the  jacket  being  made  extra  strong  with  a  view  to 
prevent  expansion  and  cracking.  This  method  has  been  tried  at  some 
plants  with  the  result  that  the  hearth  jacket  cracked,  and  at  these 
plants  the  sentiment  is  largely  in  favor  of  the  use  of  packing.  With 
walls  more  than  3  feet  6  inches  thick,  the  expansion  strain  is  apt  to 
crack  even  the  strongest  jacket,  as  it  is  sufficient  to  overcome  the  ten- 
sile strength  of  even  prohibitively  heavy  jackets.  The  packing  space 
when  used  is  one-half  inch  to  4  inches  wide  and  is  packed  with  stamped 
fire  clay,  a  mixture  of  fire  clay  and  loam,  ganister,  ganister  and  boiled 
tar,  iron  borings,  granulkted  slag,  or  various  combinations  of  the 
above  materials.  The  packing  is  stamped  in  very  firmly,  but  it  still 
possesses  some  yielding  power,  for  the  expansion  force  of  the  brick- 
work exceeds  the  resistance  to  compression  of  the  packing  material, 
another  method  of  packing  is  to  lay  strips  of  soft  pine  between  the 
jacket  and  brick.  A  few  plants  pour  neat  cement  in  the  packing 
space,  which  makes  an  extremely  rigid  construction,  but  one  apt  to 
crack  when  it  becomes  heated  and  stresses  set  up  in  it.  Probably  if 
the  packing  is  put  in  very  tightly  and  offers  sufficient  resistance  so 
that  the  expansion  of  the  brick  will  close  every  joint,  and  is  not  more 
than  2  inches  thick,  it  offers  the  greatest  security,  both  against  break- 
outs and  the  possibility  of  cracking  the  jacket. 

TYPES  OF  JACKISTB. 

As  regards  the  jacket  itself,  a  wide  variety  of  types  are  in  use. 
The  two  most  in  favor  will  be  described  in  detail. 

THE  BOLLED  STEEL-PLATE  JACKET. 

The  first  consists  of  a  rolled-steel  jacket,  usually  butt-strap  riveted 
both  externally  and  internally.  The  jacket  on  a  500-ton  furnace  is 
usually  1  to  li  inches  thick  and  extends  approximately  6^  feet  above 
and  4^  feet  below  the  bottom  of  the  hearth,  and  is  frequently  rein- 
forced by  steel  bands  12  inches  by  1  inch  riveted  in  at  the  top  and 
bottom* 

Inside  of  this  steel  jacket  are  placed  vertically  12  to  15  cast-iron 
plates  3  to  5  inches  thick  with  l^-inch  pipe  cast  in  for  circulaticm  of 
Qopling  water,  ThesQ  cooling  plates  are  continuous  about  the  entire 
circuit  of  the  hearth  jacket  and  usually  extend  to  the  bottom  of  the 
outside  steel  jacket  They  are  not  tied  together,  the  strength  being 
furnished  by  the  exterior  steel  jacket;  neither  are  tiie  edges  ma- 
chined to  make  a  close  fit.    A  packing  space  is  essential  on  account  of 
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the  inequality  of  surface  furnished  by  the  rivet  heads  on  the  stee] 
jacket  and  tlie  space  between  the  butt  strapa  This  is  filled  as  de» 
scribed  above,  the  brick  in  this  case  being  laid  solidly  against  the 
plates.   This  type  of  jacket  is  usually  vertical,  that  is,  cylindrical. 

JACKETS  WITH  COOUNO  FIFE  CAST  IN. 

The  other  construction  consists  of  10  to  16  cast-steel  or,  more 
usually,  cast-iron  segments  5  to  6  inches  thick  and  8  to  10  feet  high, 
forming  a  truncated  cone  perhaps  22  feet  in  diameter  at  the  top 
and  25  feet  in  diameter  at  the  bottom.  These  segments  are  held  to- 
gether by  six  sets  of  forged-steel  links  per  segment.  The  links  are 
made  of  2-inch  square  bars  and  are  shrunk  onto  lugs  extending  2^ 
inches  from  the  face  of  the  segment.  In  addition  to  these  links 
three  to  five  steel  bands  1}  inches  thick  by  10  to  12  inches  wide  are 
placed  about  the  jacket  and  tightened  by  driving  steel  wedges  be- 
tween the  bands  and  a  set  of  lugs  on  the  faces  of  the  segments.  The 
segments  are  water-cooled  by  1^-inch  extra  heavy  pipe,  which  is  bent 
and  cast  in,  with  feed  and  discharge  ends  at  the  top,  and  their  edges 
are  machined  to  make  a  tight  joint  when  the  links  are  shrunk  on. 

OTHER  TYPES  OF  JACKETS. 

The  two  types  mentioned  above  are  most  generally  in  favor,  but 
a  great  variety  of  other  types  are  in  use.  Of  these  the  one  probably 
in  most  oomm0n  use  is  a  steel-plate  jacket  which  is  generally  of 
truncated-cone  i^ape.  It  is  cooled  by  water  which  runs  down  in  a 
thin  film  over  the  surface  from  a  spray  at  the  top  of  the  jacket,  the 
water  collecting  in  a  ditch  about  its  base.  Somewhat  infrequently  this 
steel  jacket  id  protected  by  pipes,  spaced  6  inches  center  to  center,  about 
the  inside  of  the  hearth  jacket.  These  are  set  in  clay  or  iron  borings 
packed  between  the  brick  and  jacket,  and  extend  down  to  the  bottom 
of  the  jacket.  They  are  usually  closed  at  the  bottom  and  water  cir- 
culation maintained  by  means  of  a  f -inch  pipe  which  is  inserted  in 
the  2-inch  pipe  and  the  water  delivered  to  it.  The  overflow  is  some- 
times down  the  exterior  of  the  jacket,  or  a  number  of  pipes  may  be 
connected  in  series.  At  some  plants  the  bottom  of  two  adjacent  pipes 
are  welded  to  make  a  coil  or  U  tube,  and  a  number  of  these  con- 
nected in  series,  the  inside  f -inch  pipe  being  omitted. 

Another  variation  is  to  use  a  cast-steel  jacket  of  12  segments  which 
are  bolted  together  by  flanges  and  banded  and  are  oooled  by  exterior 
^rays  or  by  pipes  inside.  In  connection  with  these  five  types  of 
jackets  as  usually  constraoted,  one  may  also  find  combinations  of 
types,  such  as  water-cooled  plates  behind  water-cooled  cast-iron 
jackets,  or  cooling  pipes  between  steel  jackets  and  water-eooled 
plate& 
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COOLING  THE  JACKET. 

It  shotild  be  borne  in  mind  that  the  cooling  effect  of  die  jacket  ex- 
tends only  slightly  into  the  brick  on  account  of  the  low  heat  am- 
ductivity  of  the  brickwork  and  does  not  hinder  the  molten  iron  from 
working  back  to  where  the  cooling  is  effected.  From  this  point  a 
sudden  crack  or  erosion  of  the  wall  will  admit  the  iron  to  the 
jacket.  This  has  happened  so  frequently  that  repeated  experience 
has  demonstrated  that  a  simple  rolled-steel  jacket  does  not  suffice  to 
hold  the  iron  in.  A  ^-inch  jacket  is  often  useless  in  this  emergency, 
and  a  1-inch  jacket  occasionally  so.  Although  the  jacket  is  cohered 
with  a  film  of  water  that  cools  it  sufficiently  under  normal  conditions, 
the  mass  of  cold  metal  is  not  sufficient  to  freeze  the  fluid  iron  by 
dispersing  its  heat,  and  thus  the  advantage  of  the  cooling  water  is 
not  utilized.  Practice  shows  that  breakouts  with  this  type  of  jacket 
are  frequent.  The  breakout  assumes  more  serious  consequence  be- 
cause the  jacket  is  surrounded  by  a  ditch  which  contains  a  few  inches 
to  two  or  three  feet  of  water.  If  only  a  small  amount  of  this  iron 
comes  in  contact  with  a  large  volume  of  water  there  is  no  explosion, 
but  when  the  iron  continues  to  escape  in  increasing  quantities  explo- 
sions usually  occur.  This  danger  has  been  so  repeatedly  demon- 
strated that  most  plants  have  eliminated  the  ditch  and  abandoned 
the  idea  of  surface  cooling. 

A  few  plants  still  retain  surface  cooling,  but  reinforce  its  effed;  by 
cooling  pipes  behind  the  jacket.  This  idea  is  discounted  by  many 
operators  because  they  feel  that  it  has  been  demonstrated  that  ma- 
terial for  prevention  of  breakouts  must  be  able  to  solidify  suddenly 
penetrating  iron  by  quick  absorption  of  a  large  amount  of  heat,  and 

.  th^  do  not  think  that  this  requirement  is  met  by  circulating  water 
in  the  interior  of  refractory  material  whidi  has  a  very  low  heat  con- 

'  ductivity*  Fire  brick  of  hearth  and  bosh  quality  has  a  heat  con- 
ductivity of  1.82  (kilogram-calories  per  square  meter  per  hour). 
The  requirement  is  better  met  by  a  material  having  a  high  heat  con- 
dnetiTity,  and  this  demand  is  satisfied  by  iron  or  steel  with  a  heat 
conductivity  of  800.  Also  the  plate  must  be  thick  enough  so  that  in 
addition  to  its  high  heat  conductivity  and  the  quick  dissipation  of 
heat  to  cooling  water  it  offers  a  Urge  mass  of  cold  material  to  ab- 
sorb the  heat  and  chill  the  fluid  iron*    This  is  the  case  with  a  C-inch 

i  cast^ircm  jacket,  cooled  by  water  circulating  in  pipes^  or  by  a  4«inch 
cast-steel  jaeket  with  sptay  cooling.  In  the  South,  the  cast-iron 
jacket  with  pipe  cast  in  is  sometimes  designed  with  a  corrugated 
surface  and  is  cooled  with  a  &{>ray  in  addition  to  the  circulating 
wat^  in  the  pipes.  This  is  probaidy  the  most  intensive  cooliiig  pos- 
mbit, 
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Practically  all  plants  having  cast-iron  jackets  with  pipe  cast  in,  or 
steel  jackets  with  water-coolM  staves  behind,  have  eliminated  surface 
cooling  and  have  no  ditch  whatever.  Though  some  cooling  efficiency 
is  lost  by  discontinuing  the  spray  oc  water-filled  ditch,  a  gain  is  ef- 
fected in  that  if  the  iron  does  come  through  the  joints  it  comes  in 
contact  only  wit^  warm,  dry  brickwork,  and  there  can  be  no  ex- 
plosion, and  in  addition  there  is  no  open  space  into  which  it  can  run 
quickly  and  cause  a  shutdown  by  the  cutting  of  a  large  hole.  If  it 
cuts  a  cooling  pipe  inside  the  casting,  the  possibility  of  great  danger 
is  removed  because  the  resulting  explosion  has  little  chance  of  escape. 
The  water  surface  exposed  inside  a  1^-inch  pipe  is  small,  and  as  a  rule 
the  fluid  iron  simply  runs  into  and  fills  up  the  coil,  where  it  solidifies. 

To  eliminate  the  danger  of  iron  coming  through  the  joints  between 
water-cooled  castings,  one  firm  uses  two  rows  behind  a  rolled-steel 
jacket,  the  joints  being  lapped.  In  order  to  eliminate  the  danger  of 
losiiig  the  cooling  effect  of  an  entire  section  by  intrusion  of  iron,  the 
pipes  may  be  bent  and  cast  in  in  U  shape,  the  feeds  and  discharges  of 
several  being  connected  in  series  so  that  if  one  is  lost  the  others  in  the 
casting  may  still  be  kept  in  commission.  To  take  care  of  water  from 
temporary  discharges  of  tuyeres,  plates,  and  other  cooling  parts, 
there  is  left  a  shallow  ditch  6  inches  deep  by  12  inches  wide,  but 
even  this  is  sometimes  eliminated.  In  some  plants  a  circle  of  6-inch 
pipe  is  laid  about  the  hearth  with  funnels  at  each  column,  or  there 
may  be  a  circle  drain  pipe  with  funnels  at  columns  laid  in  the  brick* 
work  about  the  jacket 

BBEAXOUTS  BELOW  THE  TAPPING  HOLE. 
DANGER    IN    UflnrO    SPRAT -COOI.BD,    STEXL-PLATE    JACKETS. 

Where  rolled-plate  jackets  are  provided  for  holding  in  the  hearth 
brickwork  the  spray  cooling  does  not  extend  down  to  the  base  of  the 
jacket.  Commonly  it  extends  only  to  the  level  of  the  tapping  hole  or, 
perhaps,  up  to  2  feet  below  the  hole,  which  is  approximately  the 
level  of  the  hearth  bottom*  It  is  thought  dangerous  to  have  the  bot- 
tom of  the  ditch  about  the  jacket  lower  than  the  bottom  of  the 
hearth  because  of  the  probability  of  very  severe  breakouts,  and  the 
jacket  is  bricked  up  solidly  from  this  point  down,  completely  around 
the  furnace.  The  jacket  usually  extends  2  feet  6  inches  to  4  feet  6 
inches  below  the  bottom  of  the  hearth  and  rests  on  second-quality 
fire  brick,  ordinary  river  brick,  or  even  concrete,  the  lower  segment 
of  hearth  being  filled  with  fire  brick  of  hearth  and  bosh  quality. 

FORMATION  OF   '^  8ALAMANOBRS.'' 

Under  these  conditions,  it  is  apparent  that  this  mass  of  brickwork 
without  water-cooling  comprises  a  highly  heated  reservoir,  which 
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continually  attains  higher  and  higher  temperatures  and  affords 
ideal  conditions  for  melting  and  penetration  of  the  bottom  brick- 
work by  iron.  This  is  found  to  be  the  case.  Upon  blowing  a  fur- 
nace out,  the  brickwork  of  the  hearth  bottom  is  seen  to  be  replaced 
by  a  mass  of  pig  iron,  or  a  mixture  of  pig  iron,  slag,  and  graphite, 
varying  in  depth  from  4  feet  to,  in  one  instance,  26  feet  below  the 
tapping  hole.  Comparatively  shallow  depths  are  usually  liquid, 
while  deep  pockets  are  usually  solid  or,  unless  drained,  solidify  after 
the  furnace  is  blown  out.  These  masses  of  material  have  long  been 
known  as  '^  salamanders." 

CAUSES  DESTROYING  HEARTH  BOTTOM  AND  WAIiLS. 

The  penetration  of  this  fluid  mass  into  the  foundations  of  the  fur- 
nace gives  rise  to  breakouts  beneath  the  tapping  hole.  The  cause 
is  due  to  a  variety  of  conditions.  The  erosive  action  of  the  blast 
may  be  eliminated,  and  also  corrosion  by  slag,  for  except  prior  to 
the  first  cast  and  at  infrequent  intervals  during  the  first  part  of  the 
run,  the  hearth  bottom  is  covered  with  liquid  pig  iron,  which  would 
prevent  any  slag  coming  in  contact  with  the  brickwork  or  gas  cir- 
culating adjacent  to  it,  except  for  brief  periods  immediately  after 
casting.  As  the  depth  becomes  greater,  even  this  occasional  con- 
tact is  eliminated. 

SLAGGING  ACTION   OF  PIG  IKON. 

There  remain  therefore  the  chemical  action  of  pig  iron  and  the 
mechanical  effect  due  to  the  weight.  Stead  ^  has  called  attention 
to  the  fact  that  manganese  in  iron  attacks  fire  brick.  He  f oimd  that 
ferromanganese  containing  80  per  cent  manganese  attacked  and 
slagged  away  portions  of  a  fire-clay  crucible. 

The  action  is  as  follows : 

4Mn+Al,0..2SlQ,=4MnO+2Sl+AJ,0. 

The  silicon  goes  into  the  pig  iron,  whereas  the  manganese  oxide 
reacts  with  additional  silica  to  form  manganese  silicate,  according 
to  the  following  reaction : 

4MnO+2AU0..2SlO,=4MnSiO.+2Aha 

Both  reactions  are  endothermic  and  would  require  abstraction  of 
heat  from  the  fluid  manganiferous  iron.  If  it  be  assumed  that  such 
a  condition  is  possible,  1  pound  of  manganese  would  require  1.6 
pounds  of  silica,  and  if  the  silica  content  of  the  fire  brick  was  bO 
per  cent,  3.2  pounds  of  fire  brick.  If  0.01  per  cent  maganese,  of  the 
0.75  to  2  per  cent  of  manganese,  in  every  ton  of  iron,  thus  entered  into 

•  stead.  A.,  BlaBt-fnrnace  bears  and  what  they  teach  ua.     Proc.  Olerdftiid  Inst  Kngi- 
fteers,  yoL  e»  X918-14,  p.  169. 
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reaction  there  would  be  dissolred  by  a  furnace  nmlring  500  tons  of 
pig  iron  a  day,  or  150,000  tons  a  year,  717  cubic  feet  of  brickwork,  as 
follows:  150,000X0.0001=15  tons,  or  88,600  pounds  of  manganese, 
and  tiiis  quantity  of  manganese  would  dissolTe  88,600X8.2=107,520 

pounds  of  fire  brick,  or  ^  '       =717  cubic  feet  of  fire  brick.    There- 

717 
fore  on  a  16- foot  hearth  a  layer  of  brickwork  ~^tyi  or  8.5  feet  in  depth 

would  be  disintegrated  and  replaced  by  pig  iron  in  the  course  of  a 
year.  Such  action  is  conceivable  only  as  long  as  the  pig  iron  con- 
tinues to  possess  sufficient  heat  to  accelerate  the  reactions  noted  above. 
To  what  depth  this  action  might  extend  is  again  problematical,  but 
considering  that  the  iron  must  be  fluid  at  all  places  where  it  effects 
penetration,  and  this  may  be  more  than  20  feet  below  Uie  tapping 
hole,  the  above  action  is  not  unworthy  of  notice  and  consideration. 

BUOYANT  EFFECT  OF  SUPEBINCIJKBENT  UtON. 

The  other  and  most  accepted  explanation  of  the  formation  of  sala- 
manders is  that  the  individual  shapes  comprising  the  hearth  bottom 
are  buoyed  up  by  the  weight  of  the  supematent  iron,  and  being  in- 
securely bound  in,  float  up  and  dissolve  in  the  slag.  A  cubic  foot  of 
brickwork  weighs  approximately  150  pounds,  as  compared  with  a 
corresponding  weight  of  450  pounds  per  cubic  foot  of  pig  iron.  It 
is  to  be  noted  that  it  is  not  at  all  unusual  for  a  furnace  with  a  16-foot 
hearth  to  make  six  casts  per  day  of  100  tons  each,  and  this  presup- 
poses a  height  of  molten  metal  in  the  hearth  of  2  to  4  feet,  according 
to  the  extent  of  erosion  and  widening  of  hearth  walls.  With  two 
feet  of  slag  on  top  of  the  iron  and  15  pounds  blast  pressure  in  the 
interior  of  the  furnace  the  force  exerted  over  the  surface  of  an  area 
12  inches  square  would  be  equivalent  to  a  hydrostatic  pressure  of 
2,800  foot-pounds.  Unless  every  joint  between  the  shapes  making 
up  the  hearth  bottom  is  absolutely  flush  and  tight  along  all  vertical 
and  horizontal  faces,  the  fluid  iron  under  such  high  pressure  will 
penetrate  the  joints. 

Whai  one  or  a  group  of  these  shapes  has  been  isolated  from  the 
adjacent  brick  by  a  skin  of  fluid  iron,  the  mass  must,  by  reason  of  its 
lighter  density,  float  up  in  the  overlying  molten  iron. 

SEPASATION    OF    GRAPHITE. 

A  diird  influence  which  disrupts  the  hearth  walls  and  bottom  is  the 
separation  of  graphite  from  the  molten  iron.  This  action  has  been 
mentioned  as  tending  to  preserve  the  brickwork,  and  such  is  the  case 
after  the  cooling  effect  has  checked  further  destruction  of  the  brick. 
From  what  is  noted  in  the  furnace  after  it  is  blown  out,  the  action 
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that  takes  place  is  somewhat  as  follows:  When  the  pig  iron  accomu- 
lates  in  the  hearth  and  cools  off  yery  slowly  under  the  influence  of 
variations  in  the  burden,  increased  moisture  in  the  blast,  and  dis- 
turbance of  equilibrium  between  the  heat  furnished  and  that'kst  by 
water-cooling  and  radiation  through  retarded  rate  of  driving  or  local 
chilling  effects,  graphite  crystals  separate  out. 

When  this  separation  takes  place  in  joints  or  cracks  in  the  heartli 
brickwork  into  which  the  iron  has  penetrated,  the  brickwork  is 
wedged  asunder  by  the  volume  increase  from  graphite  separation. 
Consequently  more  iron  intrudes  and  the  process  may  repeat  itself, 
and  though  taking  place  on  an  exceedingly  small  scale,  the  cumula- 
tive effect  may  entirely  destroy  considerable  amounts  of  brickwork 
This  intrusion  of  graphite'^coated  iron  veins  into  the  joints  of  brick- 
work, as  yet  undestroyed,  can  be  noted  in  both  the  walls  and  hearth 
bottom  of  furnaces  where  the  bottom  is  being  torn  out  for  renewal. 
A  similar  condition  is  usually  found  next  the  hearth  walls,  where 
graphite  flakes,  iron,  brick  fragments,  and  occasionally  slag,  inti- 
mately mixed  together,  may  be  seen  with  intrusions  of  graphite  and 
iron  in  the  joints.  This  condition,  which  presents  a  view  of  brick- 
work destruction  arrested  while  in  progress,  probably  results  from 
sudden  chilling  of  the  pool  of  iron,  through  exterior  causes,  while 
disintegration  was  in  full  play.  Such  conditions  are  usually  found 
in  the  salamander  accumulated  under  the  tapping-hole  level. 

RATE  OF  LOWERING  OF  HEARTH  BOTTOM. 

The  eating  away  of  the  hearth  bottom  is  usually  slow.  Upwards 
of  six  weeks  may  elapse  after  the  blowing-in  of  the  furnace  before  it 
becomes  evident,  from  the  way  the  furnace  casts  iron,  from  the  in- 
creasing angle  of  the  tapping  hole,  and  from  the  volume  of  iron  per 
cast  becoming  greater  than  the  designed  capacity  of  the  hearth  will 
contain,  that  the  bottom  is  becoming  lower.  One  furnace  blown  out 
after  six  weeks  showed  a  lowering  of  the  hearth  bottom  of  about  20 
inches.  Years  ago,  when  the  distance  between  the  center  line  of  the 
tuyeres  and  the  hearth  bottom  was  half  the  distance  now  general,  the 
position  of  the  tuyeres  is  said  to  have  had  considerable  effect  on  the 
hearth,  and  it  was  believed  that  if  the  distance  was  too  small  there 
was  little  means  of  preventing  the  danger  of  breakouts.  To  what  ex- 
tent this  relation  was  blamed  for  weaknesses  in  the  hearth  jacket  and 
brick,  now  corrected,  is  beside  the  mark.  With  a  distance  of  8  feet 
.ft  inehes  or  mons  betweeisi  the  center  line  of  tbe  tuyeres  and  the  hearth 
bott<Mn  in  large,  modem  furnaces  dictated  V^  the  njecesi^ties  of  ton- 
nage output,  no  significance  whatever  is  attached  to  it. 

In.  many  cases  furnace  men  report  that  after  the  furnace  bottom 
.has  reacihed  a  depth  of  4  to  0  ifeet  below  the  tap  hole,  little  further 
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burrowing  of  the  iron  takes  place,  bat  that  the  furnace  bottom  works 
up  and  down,  varying  with  the  working  of  the  furnace.  When  a  fur- 
nace is  working  hot  in  the  bottom  and  fast,  the  hearth  deepens,  and 
when  it  is  working  cold  or  slow,  the  hearth  builds  up.  The  latter 
condition  should,  in  fact,  promote  building  up,  because  the  equilib- 
rium between  the  heat  supplied  to  the  furnace  bottom  and  the  amount 
given  off  to  the  surroundings  is  changed  in  favor  of  the  latter.  If  the 
hearth  bottom  is  laid  snugly  and  on  heating  up  expands  slightly  so 
that  it  is  tied  in,  this  same  heat  equilibrium  should  arrest  the  down- 
ward growth  of  the  salamander,  both  by  retarding  any  slagging 
action  and  also  by  the  decreased  fluidity  due  to  chilling  of  the  iron 
at  depth. 

This  balance  or  alternation  between  growth  or  deepening  may 
remain  steady  for  months  or  during  the  entire  blast.  If  the  brick- 
work is  poorly  laid  the  deepening  may  progress  throughout  the  entire 
run.  Infrequently  the  furnace  may  ^^  lose  its  iron,"  which  indicates 
that  the  iron  is  deepening  at  an  extremely  rapid  rate  or  is  escaping 
through  some  crevice  in  the  bottom  into  the  soil,  sewers,  or  filling 
about  the  furnace  foundation.  In  such  cases  there  is  nothing  ob- 
tained at  cast  except  a  heavy  nm  of  slag  and  a  quantity  of  iron 
short  of  the  tonnage  corresponding  to  the  number  of  charges.  Such 
losses  are  also  usually  indicated  by  the  pavements  getting  very  hot, 
steam  coming  up  about  the  columns,  or  gas  burning  with  a  blue  flame 
about  the  brickwork  inclosing  the  hearth.  The  abnormality  may 
persist  for  several  days,  though  if  it  is  serious  the  furnace  may  be 
temporarily  shut  down  or  driven  slowly  with  a  very  limy  slag  to 
stop  the  loss  of  iron. 

EXAMPLE  OF  A  FCBNACE  '^liOSINO  ITS  IBQN." 

A  case  in  point  may  be  of  interest.  The  furnace  had  been  in  blast 
for  nearly  three  years  and  had  b^en  working  with  a  very  deep  tap- 
ping hole,  frequently  at  cast  time  giving  a  heavy  run  of  cinder, 
before  running  the  iron.  The  furnace  was  at  this  time  making 
about  440  tons  of  iron  per  day,  though  its  capacity  with  a  good  lining 
was  about  630  tons.  The  fact  that  the  furnace  was  losing  iron 
became  apparent  on  a  Tuesday,  when  the  3  a.  m.  cast  gave  only 
two  ladles  of  iron.  The  7  a.  m,  cast  was  three  ladles.  The  furnace 
was  taking  the  customary  number  of  charges  and  should  have 
averaged  five  and  one-half  ladles  per  cast.  At  the  end  of  the  7  a.  m. 
cast  a  24-foot  pricking  rod  was  pushed  completely  into  the  tapping 
hole  without  finding  bottom.  Considering  the  oblique  position  of 
the  rod,  the  furnace  bottom  must  have  been  at  least  12  feet  below 
the  bottom  of  the  tapping  hole.    The  blast  was  reduced  from  42,000 
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feet  to  37,000  feet  per  minute,  600  pounds  of  limestone  added  to  the 
burden  during  the  day,  and  6  holes  drilled  through  the  paTement 
outside  the  brickwork  about  the  hearth  jacket  into  the  filling  about 
the  foundation  and  water  turned  in.  At  this  furnace  the  practioe 
was  as  follows : 

Practice  in  operation  of  furnace. 


Day  of  week. 


Time  of 
cast. 


Mcnday. 


Do. 


3a.in.. 

7a.m.. 
Ua.  m.. 

3  p.  n.. 

7p.m.. 
11  p.  m.. 


TotaL. 


Tuesday. 


Do. 


Total.. 


Wednesday. 


Do. 


Total. 


IroD 
(tons). 


75.4 
68.9 

73.0 

ms 

6L7 


4010 


316 
36l1 
aL4 


(•) 


1&3 
4&6 


isao 


61.1 
67.5 
»l7 
66l2 
67.8 


39S.1 


a  Cinder. 

Thursday  morning  the  blast  was  increased  again  to  the  normal 
amount,  as  the  furnace  from  all  indications  had  effected  its  own  re- 
pairs and  had  stopped  losing  iron.  The  water  about  the  hearth  bottom 
was  left  on  to  cool  the  surroundings  and  thoroughly  chill  the  iron  vein 
leading  from  the  hearth.  The  salamander  in  the  hearth  was  not  re- 
moved at  relining,  nor  was  the  brickwork  removed  lower  than  a 
couple  of  feet  beneath  the  bottom  of  the  hearth  jacket,  so  the  depth 
to  which  the  salamander  had  burrowed  or  the  place  where  the  iron 
made  its  escape  is  not  known,  though  it  is  certain  that  it  took  place 
at  least  12  feet  below  the  tapping  hole  and  8  feet  below  the  bottom 
of  the  hearth  jacket.  About  330  tons  of  iron  was  lost,  calculated 
from  the  charges,  during  the  above  period. 

DEEP  SALAMANDERS  A  SOURCE  OF  DANGER. 

Whenever  a  furnace  shows  indications  of  such  a  condition  there  is 
danger  of  an  explosion  if  the  iron  comes  in  contact  with  moisture. 
Even  if  the  hearth  alone  becomes  unusually  deep  the  danger  of  a 
breakout  is  increased,  for  as  the  iron  in  the  hearth  beccnnes  lower 
than  the  brickwork  inclosed  by  water-cooled  jackets  it  begins  to  eat 
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outward.  The  deeper  the  hearth  becomes,  the  farther  downward  the 
hearth  walls  extend  and  the  greater  is  the  lateral  pressure,  owing  to 
the  increasing  head  of  liqnid  iron.  Onoe  displacement  is  fairly  started 
by  reason  of  bricks  insecurely  tied  in,  uneven  shape,  thick  joints,  in- 
adequate anchoring  by  the  hearth  walls,  or  shrinkage  cracks,  the 
iron,  as  the  hearth  becomes  deeper,  automatically  acquires  an  in- 
creasingly uncontrollable  and  destructive  power  and  tends  to  pene- 
trate downward  and  laterally  into  the  brickwork.  The  danger  which* 
threatens  if  this  deep  pool  of  molten  iron  suddenly  breaks  through  is 
evident.  The  iron,  in  fact,  sometimes  works  out  sideways  several 
feet,  and  sometimes  under  and  beyond  the  column  base  plates,  the 
brick  foundation  being  replaced  by  a  mass  of  iron.  There  is  always 
considerable  speculation  when  this  state  of  affairs  is  revealed  in  re- 
moving a  salamander,  as  it  is  evident  that  at  some  time  the  weight 
of  the  stack  under  otie  or  more  columns  must  have  been  carried  by 
a  pool  of  fluid  iron.  Often  lumps  of  iioa  weighing  many  tons  are 
found  extruded  outside  the  hearth  jacket  and  below  the  surface, 
where  they  have  replaced  the  fire  brick.  Just  how  they  melt  or  dis- 
place the  brick  is  also  a  cause  for  speculation,  especially  as  the  iron, 
if  it  does  not  come  in  contact  with  water,  shows  no  sign  of  intrusion. 
To  date  the  efforts  of  furnace  men  and  engineers  to  prevent  the 
formation  of  salamanders  have  failed.  Except  on  special  grades  of 
iron  and  on  a  few  cold-blast  furnaces  a  salamander  always  forms 
to  a  greater  or  less  depth  and  presents  the  annoying  condition  aris- 
ing trom.  a  pool  of  iron  that  can  not  be  removed  through  the  tapping 
hole.  So  long  as  salamanders  form  there  will  always  be  uncertainty 
concerning  the  depth  to  which  the  iron  is  penetrating,  the  distance 
to  which  it  is  working  sideways,  and  the  possibility  of  outbreaks 
beneath  the  tapping-hole  level. 

TYPICAIi  EXAMPIiES  OF  HKAKTH  BBEAKOTJTS. 

EXAMPLE  NO.  1. 

At  one  furnace  a  serious  explosion  was  caused  by  the  iron  break- 
ing out  from  the  hearth  foundations.  The  iron  came  out  about  20 
feet  below  the  tapping  hole  and  on  the  yard  level  in  such  great 
volume  that  it  overflowed  the  hot-metal  tracks  and  ran  along  until 
it  came  to  the  manhole  of  a  waste-water  sewer.  It  ran  into  this,  and 
on  coming  in  contact  with  the  water  caused  an  explosion  which 
threw  brickbats,  chunks  of  concrete,  and  earth  over  a  wide  area 
and  fatally  injured  six  men  who  were  standing  nearby  watching  the 
stream  of  iron.  These  men  had  been  ordered  away,  but  in  the  short 
time  between  the  breakout  and  the  explosion  there  was  no  oppor- 
tunity to  compel  them  to  leave,  and  their  ignoring  of  the  warning 
was  the  primary  factor  in  their  death.    This  hearth  foundation  was 
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not  inclosed,  as  is  usually  the  case,  the  idea  being  that  if  it  was 
exposed  to  the  air  sufficient  cooling  would  take  place  to  chill  any 
fluid  iron  which  might  penetrate  near  the  exterior  of  the  brickwork, 
and  thus  prevent  a  breakout.  The  foundations  were  strongly  baaded 
with  15  inch  by  1^  inch  bands  to  prevent  displacement. 

EXAMPLE  NO.  2. 

In  another  instance  the  furnace  had  a  roUed-steel  jacket,  thi^ee- 
four&s  inch  thick,  cooled  by  a  spray  and  ditch  in  which  about  2 
feet  of  water  was  maintained.  The  bottom  of  the  ditch  was  12 
inches  beneath  the  bottom  of  the  tapping  hole.  The  iron  came 
through  the  jacket  about  8  feet  from  the  iron  notch,  on  the  side  away 
from  the  cinder  notch  and  beneath  the  bottom  of  the  ditch.  It  ran 
beneath  the  bottom  of  the  ditch,  not  causing  any  disturbance,  and 
came  through  the  4  feet  of  brickwork  surrounding  the  jacket,  where 
it  came  in  contact  with  wet  sand.  The  explosion  that  followed  threw 
brick  and  flame  through  the  cast  house  and  caused  the  death  of  the 
foreman  and  one  cast*house  man. 

EXAMPLE  NO.  8. 

In  a  third  instance  the  furnace  jacket  was  of  rolled  steel,  behind 
which  vertical  cooling  pipes  were  inserted  at  8-inch  centera  Each 
pipe  had  an  individual  feed,  the  overflow  running  down  the  face  of 
the  jacket  and  collecting  in  a  ditch.  A  3-inch  packing  space  was  filled 
with  a  mixture  of  granulated  slag  and  loam,  in  which  tjie  cooling 
pipes  were  set.  Without  warning,  iron  came  through  the  jacket  into 
the  ditch,  which  had  only  about  6  inches  of  water  in  it,  where  it  caused 
an  explosion.  The  force  of  the  explosion  stripped  the  water  connec- 
tion from  the  bosh  and  seriously  damaged  the  stack.  One  man  was 
killed  and  another  seriously  burned.  The  iron  lying  in  the  ditch 
was  not  removed,  but  was  chilled  and  left  in  the  bottom,  where  it 
covered  the  hole  cut  in  the  jacket  by  the  outbreak.  No  further 
trouble  was  experienced  at  this  place. 

About  36  hours  later,  however,  the  furnace  broke  out  again  on 
the  same  side  and  lost  a  cast,  the  iron  running  out  beneath  the 
pavement  and  into  the  cinder  pit  about  100  feet  away,  where  it 
emerged  beneath  the  surface  of  the  water  and  chilled,  forming  a 
large  skull.  Aside  from  violent  boiling  of  the  W:ater,  considerable 
flame  from  gas  generated  by  the  contact  of  iron  and  water,  and 
throwing  about  of  granulated  cinder  left  in  the  pit,  no  damage  was 
caused.  '^ 

EXAMPLE  NO.   4. 

The  furnace  had  a  cast-iron  hearth  jacket  4  inches  thick,Vith  cool- 
ing pipe  cast  in.     An  expansion  space  was  provided  between  the 
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jacket  and  brickwork  in  which  were  placed  packing  strips  of  pine. 
A  ditch  about  18  inches  deep  carried  discharge  water  from  the 
columns  and  also  from  the  ^'  monkey  ^'  and  intermediate  cooler.  The 
iron  came  out  beneath  the  ditch  and  worked  its  way  up  into  the  bot- 
tom of  the  ditch,  where  it  exploded.  The  supposition  is  that  the 
brickwork  suddenly  developed  a  crack,  as  no  preliminary  heating  of 
the  cooling  water  was  noticed.  The  explosion  is  stated  to  have 
occurred  shortlv  after  the  outbreak  was  discovered.  Some  men  had 
run  up  and  were  in  the  vicinity  when  the  explosion  occurred.  One 
was  thrown  out  of  the  cast  house  and  severely  injured,  another  re- 
ceived bums  of  the  back  and  other  injuries  which  proved  fatal,  and 
a  third  minor  bums.  After  the  breakout  stopped,  the  brickwork 
was  dug  away  and  a  hole  found  cut  through  the  segment  of  the 
jacket  between  the  cooling-pipe  coils,  the  coil  being  cut  by  the  widen- 
ing of  the  hole  and  rendered  useless.  The  hole  was  only  partly  filled 
with  iron  as  the  tapping  hole  had  been  opened  and  the  hearth  drained 
immediately  after  the  breakout.  The  hole  was  rammed  full  of 
crushed  fire  brick  and  fire  clay,  and  then  the  entire  face  of  this  seg- 
ment of  the  hearth  jacket  was  reinforced  by  pouring  concrete  in 
front  of  it,  forming  a  block  which  overlapped  a  few  inches  on  the 
adjoining  segmenta    No  further  trouble  was  experienced. 

EXAMPLE  NO.  5. 

At  another  furnace  the  hearth  foundations  were  not  inclosed.  The 
jacket  was  of  cast  iron  with  cooling  pipes  cast  into  it  and  extended 
3  feet  6  inches  beneath  the  tapping  hole.  The  iron  broke  out  be- 
neath the  jacket  and  came  out  about  6  feet  above  the  yard  level  in 
large  volume,  and  a  huge  flame  continued  to  blow  out  of  the  opening. 
Considerable  damage  was  done  to  the  plant.  At  the  next  relining  the 
hearth  jacket  was  extended  down  2  feet  farther  and  the  entire  space 
between  the  hearth  jacket  and  foundations,  and  the  outside  of  the  cast 
house  about  the  furnace,  filled  in  with  concrete.  A  space  was  left 
about  the  hearth  jacket  which  was  filled  in  solidly  with  paving  brick 
set  in  cement  mortar  to  allow  removal  of  the  jacket  when  necessary 
on  relining  and  digging  out  the  salamander.  Xo  ditch  about  the 
jacket  was  allowed.  No  further  trouble  with  breakouts  has  been 
experienced. 

EXAMPLE  NO.  0. 

Another  furnace  of  the  same  tyi^e  as  above  had  uninclosed  foun- 
dations and  a  cast-iron  jacket  with  cooling  pipes  cast  in.  A  breakout 
occurred  in  the  same  manner,  but  was  accompanied  by  a  series  of  vio- 
Jent  explosions  as  the  iron  flowed  out  onto  the  yard  and  into  a  sewer 
and  also  onto  wet  ground.    The  hearth  was  completely  emptied,  and 
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after  the  iron  had  chilled,  the  hole  was  plugged  with  clay  and  fire 
brick,  a  wall  wedged  in  on  the  face,  and  a  water  spray  put  on.  This 
construction  held  until  the  next  relining,  when  the  opportunity  was 
utilized  to  dig  out  the  salamander  and  put  in  a  subjacket  beneath  the 
original  jacket.  This  subjacket  is  water-cooled  with  water  circulat- 
ing pipe  cast  in,  and  brings  the  depth  of  water-cooling  2  feet  lower. 
The  furnace  is  now  running  with  the  base  uninclosed  as  before,  but 
with  no  further  trouble. 

EXAMPLE  NO.  7. 

The  furnace  had  a  rolled-steel  jacket  1  inch  thick.  At  one  period, 
cooling  was  effected  by  cooled  cast-iron  plates  set  vertically  behind 
the  steel  jacket.  The  edges  were  not  machined,  and  there  was  a 
packing  space  of  1  inch  filled  with  a  mixture  of  iron  borings  and 
loam.  The  iron  came  out  between  the  plates,  between  the  cinder  and 
iron  notches,  and  below  the  ditch,  in  which  2  feet  of  water  was 
maintained.  An  explosion  followed  which  tore  out  some  of  the 
brickwork  and  threw  about  the  cover  plates  over  the  ditch.  Three 
men  were  injured  and  slight  damage  done.  After  this  experience 
the  furnace  was  provided  with  two  rows  of  cooling  plates  behind 
the  hearth  jacket,  the  edges  being  lapped.  No  further  trouble  has 
been  experienced. 

EXAMPLE  NO.  8. 

Another  furnace  had  a  rolled-steel  jacket  one-half  inch  thick, 
with  packing  space  of  3  inches.  There  was  42  inches  of  brickwork 
in  the  hearth  walls,  and  the  jacket  was  spray  cooled,  the  water  being 
collected  in  a  ditch  30  inches  deep,  in  which  about  20  inches  of  water 
was  maintained.  The  jacket  was  7  feet  6  inches  deep,  and  below 
the  ditch  a  wall  of  paving  brick  was  built  around  the  jacket,  which 
extended  down  to  the  bottom  of  the  jacket.  Tliis  wall  retained  the 
heat  and  permitted  the  jacket  to  melt  away  beneath  the  ditch,  an  area 
extending  nearly  halfway  around  and  from  12  inches  to  24  inches 
high  being  melted.  Eventually  the  iron  broke  through,  not  being 
retarded  by  the  cooling  water  in.  the  ditch,  and  a  series  of  breakouts 
followed.  The  iron  came  up  in  the  ditch  and  ran  along  the  bottom 
of  the  ditch  beneath  the  water  until  the  hearth  drained  and  the  iron 
was  ciiilled.  No  explosions  resulted.  This  iron  was  not  removed, 
and  finally,  in  consequence  of  a  number  of  breakouts,  the  bottom  of 
the  ditch  was  entirely  covered  with  chilled  iron  to  depths  varying 
from  a  few  inches  to  about  2  feet.  The  spraying  of  the  jacket  was 
continued  and  the  water  level  in  the  ditch  raised  from  time  to  time. 
As  this  auxiliary  iron  jacket  was  built  up  the  breakouts  gradually 
decreased  in  frequency  until  finally  the  furnace  ran  about  three 


BLA8T-FTJBNACB  BKEAK0UT8.  55 

years  without  a  breakout  This  experience  illustrates  the  efficiency 
of  a  large  mass  of  cold  iron  to  check  the  melting  and  failure  of  fire 
brick  close  to  the  jacket,  or  to  solidify  and  check,  by  virtue  of  its 
high  heat  c(»iductivity,  any  intrusion  of  iron  in  contact  with  it 

EXAMPLE  NO.  9. 

Another  furnace  had  a  cast-steel  jacket  which  was  spray  cooled, 
the  water  being  collected  in  a  ditch,  the  bottom  of  which  was  1  foot 
above  the  base  of  the  jacket.  The  ditch  had  slope  enough  to  carry 
off  the  water  quickly  and  to  prevent  its  becoming  more  than  5  or  6 
inches  deep,  the  outlet  being  at  the  rear  of  the  furnace  opposite 
the  tapping  hole.  The  brickwork  beneath  this  jacket  was  also  in- 
closed in  a  rolled-steel  jacket  to  prevent  cracking  by  expansion. 
This  sub  jacket  was  not  cooled,  but  was  solidly  bricked  in  with 
miscellaneous  paving  brick,  second-quality  firebrick,  and  other  brick 
left  over  from  various  jobs.  The  furnace  gave  warning  of  a  break- 
out by  vigorous  steaming  about  the  base  in  front  of  the  tapping  hole 
for  several  hours.  During  the  night  gas  that  burned  with  a  blue 
flame  began  to  issue  from  the  pavement  in  such  quantities  that  the 
blower  took  the  blast  off  and  ordered  the  crew  out  of  the  cast  house. 
The  volume  of  gas  generated  increased,  and  about  midnight  a  violent 
eruption  took  place  halfway  down  the  cast  house.  The  floor  of  the 
cast  house  was  of  cast-iron  plates,  laid  on  sand  filling  held  in  by 
concrete  retaining  walls.  The  eruption,  which  continued  vigorously 
for  a  half  hour,  hurled  the  plates  and  the  cast-iron  runners  about, 
upset  one  retaining  wall,  and  bulged  the  opposite  wall.  A  column 
of  burning  gas  arose  through  the  cast-house  roof.  When  the  erup- 
tion quieted  down,  there  was  a  hole  in  the  cast-house  floor  about  12 
feet  deep  and  over  20  feet  across.  No  explosion  took  place.  The 
filling  about  the  furnace  foundations  wa-s  saturated  with  water  while 
repairs  were  being  made,  these  taking  several  days.  The  furnace 
was  started  up  and  run  slowly  and  on  a  limy  burden  for  two  days^ 
and  as  there  was  no  further  evidence  of  a  breakout,  it  was  quickly 
put  up  to  normal  output.  About  18  months  later  the  furnace  '^  lost 
its  iron  "  for  several  days  in  succession,  but  without  any  damage  or 
alarming  signs  of  bi'eakout  other  than  moderate  steaming  about  the 
columns  and  pavement. 

EXAMPLE  KO.   10. 

This  furnace  had  a  rolled-steel  jacket,  one-half  inch  thick,  inclos- 
ing very  thick  hearth  walls,  so  that  the  hearth  jacket  was  about  15 
inches  outside  the  tuyere-breast  walls.  One-inch  holes  were  drilled 
in  the  brickwork  between  the  jacket  and  tuyere  breast,  down  to  the 
tapping-hole  level.    A  ^-inch  pipe  was  inserted  in  these  holes  and 
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led  the  cooling  water  to  the  bottom,  whence  it  rose  up  in  the  hole  and 
overflowed  down  the  face  of  the  jacket.  These  holes  were  drilled  at 
a  slight  angle,  and  at  the  top  were  about  i  inches  from  the  hearth 
jacket.  Without  warning  a  severe  explosion  occurred  inside  the 
jacket,  cracking  it  and  tearing  it  open  to  the  top.  It  is  supposed 
that  a  crack  or  joint  opened  which  admitted  molten  iron  to  the 
water-saturated  brickwork  adjacent  to  the  jacket. 

EXAMPLE   NO.    11. 

A  furnace  had  been  in  blast  for  several  years,  and  at  the  time  of 
the  following  accident  was  on  its  third  lining.  At  neither  of  the 
previous  relinings  had  the  salamander  been  removed,  it  being  sim- 
ply split  off  about  the  sides  down  to  the  bottom  of  the  hearth  jacket, 
3  feet  below  the  tapping  hole,  to  permit  a  new  hearth  wall  to  be 
built  in.  The  furnace  began  to  work  sloppy  at  the  tuyeres,  and  con- 
ditions became  so  bad  that  it  could  not  be  dried  at  the  tuyeres  at  the 
end  of  the  cast.  As  two  tuyferes  had  been  cut  by  iron  lying  at  their 
noses,  the  blast  was  thrown  off  and  the  cinder  and  iron  permitted  to 
come  back  into  the  blowpipes,  which  were  then  taken  down.  While 
one  gang  was  cleaning  them  and  other  gangs  were  changing  the 
two  burned  tuyferes  and  sledging  cinder  and  iron  out  of  the  tuyeres, 
an  explosion  inside  the  furnace  threw  coke  and  flame  from  the 
tuyere  openings,  fatally  burning  several  men.  After  this  all  men 
were  withdrawn  from  the  cast  house,  the  approaches  roped  off,  and 
watchmen  stationed.  At  irregular  intervals  of  one-half  hour  these 
interior  explosions  continued,  throwing  material  from  the  tuy&re 
openings,  but  gradually  diminishing  in  frequency  and  violence.  The 
furnace  was  allowed  to  stand  24  hours  after  the  explosions  had 
stopped,  the  mess  was  then  cleaned  up,  the  furnace  gotten  in  shape, 
and  gradually  worked  up  to  regular  output.  These  explosions  were 
not  caused  by  gas  nor  by  water  leaking  from  plates  or  other  cooling 
equipment,  as  none  of  the  cooling  pipe  cast  in  the  health  jacket 
was  cut.  It  is  thought  that  the  iron  ate  its  way  down  into  the  foun- 
dations, forming  a  large  body  of  molten  metal  which  finally  pene- 
trated into  damp  subsoil.  The  furnace  was  built  on  originally  wet 
soil,  covered  with  refuse  and  cinder,  which  was*  excavated  to  put  in 
the  concrete  foundations.  A  similar  explosion  occurred  in  England 
in  1909  in  which  the  molten  iron  penetrated  the  concrete  base  and 
came  in  contact  with  water. 

EXAMPLE  NO.    12. 

The  iron  came  through  a  steel-plate,  spray-cooled,  hearth  jacket 
at  the  botti^n  of  the  ditch  and  between  the  cinder  notch  and  tap- 
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ping  hole,  and  an  explosion  followed.  A  shower  of  molten  iron  and 
cinder  was  thrown  down  the  cast  house  and  about  the  furnace,  burn- 
ing two  men  fatally  and  doing  much  damage  to  the  stack. 

Many  descriptions  of  breakouts  could  be  giTen,  but  it  is  thought 
that  the  preceding  discussion  of  causes  of  failure  of  the  jacket, 
hearth  wall,  and  bottom  brickwork,  with  the  specific  illustrations 
cited,  gives  a  comprehensive  review  of  the  factors  connected  with  the 
process  of  hearth  destruction. 

PREVENTION  OF  BBEASOTJTS  THBOUGH  THE  HEABTH  WALL  OB 

JACKET. 

USE  OF  MATERIALS  OTHER  THAN  FIRE  BRICK. 

Thus  far  no  material  ever  used  in  hearth  bottoms  has  resisted  the 
destructive  agencies  inside  the  hearth. 

CABBON   BUCK. 

The  presence  of  graphitic  coatings  on  the  hearth  walls  and  in 
crevices  in  the  salamander,  which  are  seen  when  the  furnace  has  been 
blown  out,  has  presented  the  obvious  suggestion  of  a  lining  of  car- 
bon or  coke  brick  in  the  bosh,  hearth,  and  bottom.  Theoretically, 
such  bricks  should  be  highly  satisfactory,  because  they  are  infusible 
at  the  highest  temperatures  reached  inside  the  furnace  and  resist 
the  corroding  action  of  slags^  either  basic  or  acid.  Also,  they  are 
not  acted  on  by  molten  iron,  unless  the  iron  is  unsaturated  with 
carbon,  in  which  case  the  iron  would  probably  satisfy  its  require- 
ments for  carbon  at  the  expense  of  the  carbon  brick.  In  addition, 
these  bricks  have  a  high  heat  conductivity — 7,  as  compared  to  1.3 
for  hearth-quality  fire  brick — which  seemingly  is  of  advantage,  be- 
cause the  cooling  effect  of  the  jacket  water  would  penetrate  farther 
into  the  hearth  wall  and  preserve  a  thicker  wall,  while  conduction  of 
heat  from  the  bottom  brickwork  in  the  hearth  would  be  more  rapid 
and  presumably  check  the  lowering  of  the  hearth  bottom  sooner  than 
is  the  case  with  fire  brick.  Another  property  of  less  benefit  is  that 
such  brick  expand  much  less  than  fire  brick  at  high  temperature. 

So  far  as  is  known,  these  bricks  are  not  now,  nor  have  been  for 
many  years,  used  in  this  country.  Many  works  abroad  and  three 
works  in  America  have  introduced  them,  thinking  that  a  panacea 
for  the  preservation  of  the  hearth  had  been  found  and  that  the  costly 
work  and  expensive  delay  in  removing  salamanders  would  be  largely 
eliminated.  It  was  found,  however,  that  the  carbon  brick  were 
failures  when  used  about  the  tuyere  breast  and  the  tapping  hole ; 
that  the  hearth  bottom  tended  to  float  up  and  disappear;  and  that 
if  even  the  smallest  gas  flame  issued  from  the  joints  between  the 
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brick,  a  hole  formed  in  a  few  minutes,  which  steadily  grew  larger 
and  had  to  be  stopped  with  fire  clay,  so  that  a  prejudice  against 
their  use  developed  in  this  country.  They  are,  however,  used  abroad, 
but  do  not  appear  to  possess  any  advantage  over  good  fire  brick.  The 
results  of  a  symposium  prepared  in  Germany  showed  that  of  a  total 
of  10  opinions,  3  were  favorable,  5  unfavorable,  and  2  noncommittal.'* 
The  following  description  of  these  brick  is  taken  from  this  article: 

Only  coke  of  best  quality,  very  hard  and  pure,  can  be  used  for  this  brick.   Tlie 
finished  brick  must  not  contain  more  than  12  per  cent  of  ash.     The  coke  is 
ground  very  fine  in  suitable  mills,  mixed  with  20  to  25  per  cent  of  the  best 
specially  prepared,  hot  steel-mill  tar,  with  which  it  Is  thoroughly  kneaded,  and 
the  mass  is  then  carefully  pressed  into  suitable  molds.    The  brick  wlien  formed 
is  enveloped  in  coke  dust  to  make  it  air-tight  and  set  into  plates  provided  with 
a  spring  and  nut  and  fired  at  temperatures  of  2375^  to  2,550**  F.    The  finished 
pro<iuct  must  be  ringing  hard  and  dense,  with  a  specific  gravity  of  1.2  to  1^ 
The  size  should  be  as  large  as  x)ossible,  to  insure  better  adhesion  of  the  masonry 
and  lessen  the  number  of  the  joints.    They  are  no  longer  difficult  to  make,  now 
being  as  heavy  as  880    to  1,100  pounds  apiece  ( ?)  ;  heavier  than  this  tJiey  are 
unwieldy  and  suffer  greatly  in  transportation.    The  surfaces  and  edges  must  be 
carefully  worked  over  on  laying.    The  sole  brick  especially,  should  be  put  to- 
gether on  a  perfectly  level  cement  plate  beforehand.  In  order  to  avoid  outward 
Joints  during  the  work.    The  mortar  consists  of  a  mixture  of  coke  dust  contain- 
ing up  to  20  per  cent  of  powdered  fat  clay,  finely  ground  and  mixed  into  a 
syrupy  mush  with  pure  water.    A  mixture  of  tar  and  finely  ground  coke  dust 
may  also  be  used  as  a  mortar,  which  is  applied  warm.    In  some,  mills  ordinary 
chamotte  mortar  also  gives  satisfaction.     It  is  essential  tliat  the  mortar  be 
even  and  thin,  and  that  the  bricks  be  carefully  ground  to  fit  closely,  so  as  to 
make  the  joints  as  small  as  possible.    Contraction  and  expansion  from  cooling 
and  heating  when  the  furnace  shuts  down,  especially  at  first,  will  cause  changes 
in  volume  even  in  this  carbon  brick,  and  in  insuring  the  permanence  of  the 
brickwork  absolutely  accurate  work  is  essential.    It  is  therefore  a  better  plan 
to  pay  better  wages  to  these  workmen  than  to  ordinary  masons,  and  to  employ 
them  not  by  contract  but  on  a  per  diem  wage  under  steady  super\*ision,  and  to 
promise  them  a  bonus  if  the  masonry  proves  durable  after  a  specified  time  of 
operation. 

SIIJCA,  MAONESITE,  AND  BAUXPTE  BBIOK. 

Besides  carbon  brick,  various  other  materials  which  would  sup- 
posedly be  more  inert  than  fire  brick  to  the  chemical  actions  taking 
place,  such  as  silica  brick,  magnesite  brick,  and  bauxite  or  alumina 
brick,  have  been  proposed  for  hearth  brickwork.  In  a  practical  way 
these  proposals  have  not  met  with  any  enthusiasm,  as  furnace  men 
feel  that  hearth  failure  is  almost  entirely  due  to  mechanical  causes. 
All  efforts  in  this  country  have  been  in  the  direction  of  better  quality 
and  uniformity  of  shape  of  fire  brick,  ri^id  construction,  efficiency  in 

•  Gelger,  C,  Ueber  die  Verwendmig  tod  KohlenstoffstelBen  Im  Hochofenbetrleb :  Stahl 
und  Eisen,  Jahrg.  82,  1912,  pp.  1685-1690. 
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water  cooling,  and  elimination  of  danger  elements  in  advance  of  im- 
pending or  possible  breakouts. 

TYPES  or  FUCE  BRICK  ITSED  IN  HEARTHS. 

The  brick  used  in  the  hearth  and  bosh  are  made  of  a  fire-clay 
mixture  containing  about  85  per  cent  flint  clay  and  15  per  cent  plastic 
clay.  The  flint  clay  is  ground  coarse  or  fine,  as  dictated  by  experi- 
ence with  different  types,  dissatisfaction  with  previous  linings,  or 
expectation  of  improvement.  Until  very  recently  blast-furnace 
operators  and  fire-brick  manufacturers  did  not  make  much  progress 
in  combining  knowledge  of  brickmaking  with  knowledge  of  furnace 
operation,  and  consequeitly  furnace  men  were  disposed  to  progress 
in  a  circle,  constantly  wanting  a  type  of  fire  brick  which  they  had 
not  tried,  but  which  some  one  else  had  tried,  perhaps  with  entirely 
different  conditions,  and  found  more  satisfactory.  Within  the  past 
year,  by  means  of  tests  ingeniously  designed  to  conform  to  conditions 
in  the  furnace,  it  is  becoming  known  exactly  what  effect  abrasion, 
heat,  and  other  factors  have  upon  different  types  of  fire-clay  brick, 
and  with  the  cooperation  of  fire-brick  manufacturers  progress  is 
being  made  in  the  manufacture  of  brick  that  will  stand  up  better. 
The  furnace  man  is  interested  in  results,  and  is  beginning  to  care 
little  about  methods  of  grinding,  weathering,  bonding,  or  burning, 
as  long  as  the  brick  does  the  work  required. 

Under  these  circumstances  no  definite  statements  can  be  made  in 
regard  to  the  best  type  of  brick  for  the  hearth.  However,  only 
enough  plastic  clay  is  used  to  bind  together  the  more  refractory  clay. 
Refractoriness  is  the  prime  requisite  in  hearth  and  bosh  fire  brick, 
and  as  the  more  coarsely  ground  material  is  as  a  rule  the  more  re- 
fractory, the  flint  clay,  called  the  grog,  is  usually  ground  as  coarse 
as  is  compatible  with  strength  and  resistance  to  spalling.  It  is 
burned  at  2,800°  to  3,000°  F.  in  order  to  decrease  shrinkage  after  it  is 
placed  in  the  furnace  and  subjected  to  high  temperatures,  because  fire 
brick  undergoes  a  progressive  shrinkage  the  hotter  it  is  heated,  and  if 
it  is  underbumed  in  the  kiln,  shrinkage  cracks  develop  later  in  the 
blast  furnace. 

The  brick  for  the  bosh  and  hearth  walls  consist  of  13^>-inch  and 
9-inch  straights  and  keys  with  a  few  special  shapes  for  plate  and 
cooler  arches.  The  brick  for  the  hearth  occasionally  consists  of  the 
same  shapes,  but  usually  are  larger  than  these.  The  largest  shapes 
are  18  by  12  by  8  inches ;  other  shapes  are  18  by  9  by  4i  inches,  18  by 
9  by  6  inches,  and  13^  by  9  by  4Ji  Inches.  ,  These  blocks  are  machine- 
made  under  heavy  pressure  and  must  be  true  in  shape  and  form. 
They  are  culled  carefully  and  any  soft-burned  or  warped  blocks  are 
rejected.    Little  or  no  attention  is  paid  to  porosity,  conductivity,  or 
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density.    Only  rarely  are  they  analyzed.    The  following  information 
may  be  of  interest  in  indicating  the  composition  of  the  brick : 

CampoHtUm  of  four  xamplet  of  henrth  fire  brick. 


Sample. 

SiOt. 

AlsOi. 

FeO. 

CaO. 

MfO. 

TiO«. 

ADalta. 

Isnitian 

A 

52.80 
fi&65 
55.01 
50.57 

42.50 
40.51 
88.92 
43.78 

1.17 
1.77 
8.19 
8.87 

aso 

.80 
.58 
.35 

0.53 
.63 
.90 
.84 

aiio 

0.58 

B 

as 

C 

2.21 

1.16 

.w 

D 

2.17 

.07 

The  average  melting  point  of  eight  different  makes  was  3^1b"  to 
3^90°  F. 


Figure  25. — Concave  hearth  bottom. 


USE  OP  CONCA\'E  BOTTOMS. 

Hearth  bottoms  were  at  cne  time  built  concave  (fig.  25)  ou  tlie 
theory  that  the  destruction  of  the  bottom  resulted  from  the  displace- 
ment of  the  brick  from  the  pressure  and  greater  density  of  the  molten 
iron,  so  that  the  brick,  not  being  tied  in,  float  up.  The  layers,  usually 
two,  are  arranged  in  concentric  circles  with  a  key  brick  at  the 
center,  and  the  outside  circle  is  anchored  down  by  the  hearth  walls. 

These  bottoms  did  not  prove  sufficiently  superior  in  permanence 
to  the  less  expensive  shapes  and  it  is  not  believed  that  any  of  these 
hearth  bottoms  are  now  being  put  in.  The  weak  point  was  in  the 
periphery,  for  as  the  hearth  walls  were  erode^  by  various  agencies 
the  outside  circle  of  blocks  began  to  rise  as  the  overlying  brick- 
work disappeared,  and  once  started  the  whole  course  was  left  without 
binding  and  floated  up  very  quickly.  The  second  course  soon  fol- 
lowed, leaving  below  the  underlying  brickwork  of  small  shapes  to 
bear  the  brunt  of  the  work.  In  1914  a  few  furnaces  lined  with  this 
type  of  bottom  were  in  blast,  but  they  were  relined  with  other  styles 
of  hearth  brick. 
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VSR  OF  KSTED  BOTTOMS. 

Figure  12  shows  a  modification  of  this  style  of  construction,  which 
is  less  expensive.  Although  the  keying  effect  is  of  course  not  as 
strong  on  a  perfectly  flat  as  on  a  concave  arch,  it  still  possesses  con- 
siderable resistance  to  the  lifting  effect  of  the  iron.  So  far  as  known, 
these  circles  did  not  extend  to  the  hearth  jacket,  but  were  anchored 
down  by  the  hearth  walls,  as  shown.  It  is  here  that  their  weakness 
lies;  in  addition,  any  defects  in  workmanship,  in  manufacture,  or  in 
laying,  which  open  a  way  for  the  intrusion  of  iron,  would  be  as 
fatal  to  the  stability  of  the  bottom  as  in  brickwork  not  keyed  in. 
Nevertheless,  this  method  of  constructing  the  hearth  bottom  is  fol- 
lowed by  many  plants,  as  it  is  felt  that  the  keying  in  delays  or  re- 
tards to  a  profitable  extent  the  disappearance  of  the  hearth  bottom. 

trSE  OF  CONICAL  JACKET. 

In  both  of  the  above  types  of  hearth  bottom,  bricks  are  laid  with 
the  vertical  joints  staggered,  as  shown  in  figure  25.  This  retards 
the  intrusion  of  iron  and  promotes  the  permanence  of  the  bottom. 
The  erosion  line  shown  in  figure  25  brings  out  the  significance  of 
the  use  of  a  conical  hearth  jacket.  The  use  of  conical  jackets  was 
probably  introduced  to  permit  thicker  brickwork  at  the  juncture 
of  the  walls  and  hearth  bottom,  in  order  that  the  keys  could  be 
extended  farther  out,  so  that  after  erosion  of  the  walls  had  been 
arrested  a  substantial  ring  of  brickwork  would  remain  to  lap  over 
the  outside  circle  of  keys  and  keep  them  from  rising.  A  secondary 
advantage  is  that  the  conical  shape  wedges  the  whole  mass  of  bottom 
brickwork  in  and  prevents  it  from  rising.  This  feature  has,  how- 
ever, proved  of  detriment  in  some  cases.  A  furnace  was  seen  where 
the  conical  jacket  had  been  forced  up  bodily  on  one  side,  away  from 
the  iron  notch  more  than  an  inch,  so  that  it  sheared  the  nipples  off 
the  cooling-plate  connections  before  depressions  could  be  cut  in  the 
top  of  the  jacket  beneath  the  nipples.  The  expansion  of  the  brick- 
work or  salamander  or  the  formation  of  graphitemust  have  exerted 
sufficient  force  to  orercome  the  weight  of  the  jacket  and  its  frictional 
resistance  to  the  pressure  on  its  interior.  A  possible  result  of  such 
displacement  would  be  cracking  of  the  brickwork  and  penetration 
of  iron  through  these  cracks  to  the  jacket.  This  result,  however, 
did  not  materialize. 

USUAJL  C0N8TRUCTI0K  OF  HEARTH  BOTTOM. 
USE  OF  CONICAL  JACKET. 

The  method  of  building  the  hearth  bottom  most  generally  followed 
is  to  construct  it  of  large  shapes,  18  by  12  by  8  inches,  18  by  9  by  4^ 
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inches,  13J  by  9  by  4J  inches  being  used.  The  two  most  favored 
styles  of  laying  the  blocks  are  shown  in  hgures  26  and  27;  another 
method  not  uncommon  is  shown  in  figure  28.  The  blocks  are  laid 
completely  across  the  hearth,  being  in  contact  with  the  jacket  entirely 
around  the  outer  circumference  of  the  brickwork,  and  the  hearth  wall 
rests  on  the  blocks  instead  of  9-inch  and  13i-inch  brick  being  laid 
between  the  special  bottom  shapes  and  the  jacket,  as  in  figures  12 
and  14. 

This  construction  is  much  stronger  and  more  rigid  than  the  keyed 
bottom,  because  the  pressure  developed  by  the  expansion  from  heat- 
ing after  the  furnace  is  in  blast  exerts  its  thrust  across  the  hearth 
diameter,  with  no  oppor- 
tunity of  the  individual 
shapes  slipping.  The 
keying  effect  of  the  pre- 
viously described  bottoms 
is,  of  course,  absent,  but  an 
equivalent  tying-in  eSect 
builds  up  as  the  bridc- 
woik  assumes  its  working 
heat,  on  account  of  the  ex- 
pansion stress  against  the 
hearth  jacket 

These  bottoms  have 

proved    as   long-lived   as 

the  keyed  bottoms  when  it 

has  been   pos&ible   to  lay 

the  brick  tightly  against 

the  hearth  jacket  and  on 

a  ^-year  blast  have  in  a 

number  of  instances  held 

the  d^th  of  salamander 

to  less  than  6  feet.    A  few 

plants  that  lay  emphasis  on  removing  the  salunander  find  these 

types  of  bottom  sufficiently  resistant,  So  that  they  make  a  pnuctice 

of  removing  the  salamander  only  on  alternate  relinings. 

As  a  general  rule,  the  smaller  size  blocks  are  preferred,  as  they 
run  truer  to  shape  and  permit  thinner  joints.  The  brick  must  be 
burned  sharply  to  eliminate  shrinkage  cracks.  It  is  of  primary  im- 
portance that  the  brick  laying  be  absolutely  accurate,  with  as  small 
joints  as  possible,  and  if  possible,  tight  against  the  jacket  in  order 
to  allow  the  expansion  completely  to  close  every  joint.  Each  course 
is  preferably  laid  at  an  acute  angle  to  the  previous  course,  though 
it  is  often  laid  at  right  angles.    This  breaks  all  joints  between  tiie 
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courses  and  tends  to  prevent  the  iron  from  working  down  between 
the  coui'ses  and  joints. 

SHALL  SHAPES  IN  HXABTH  BOTtOH. 

Hearth  bott<Hns  are  sometimes  laid  with  standard  18^  and  9  inch 
keys  and  straights.     At  the  bottom  of  a  25-foot  (inside  diameter) 
hearth  jacket,  the  first  course  is  started  by  laying  a  circle  of  13J-inch 
keys  and  straights  next  the  hearth  jacket,  and  continued  by  wortring 
into  the  center  until  18J  keys  complete  the  circle.    The  space  inside 
of  the  circle  of  13J  keys  is  completed  by  laying  13J  and  9  inch 
straights  in  straight  courses.    The  next  course  on  top  of  this  is  started 
by  laying  one  circle  of  9-iuch  keys  and  straights  nest  to  the  hearth 
jacket,  followed  by  circles  of  IS^inch  straights  and  keys  until  13^ 
keys  complete   the  circle. 
Straights    are    then    laid 
across     to     complete     the 
course,  being  laid  in  oppo- 
site direction  to  the  course 
below.    In  this  way  alter- 
nate courses  are  laid  until 
the  hearth  is  completed. 

In  this  manner  aU  the  I 
joints  are  broken,  the  work 
of  constructing  the  hearth 
is  made  easier,  as  cutting 
of  fire  brick  is  reduced  to 
a  minimum,  and  the  con- 
struction sets  together  well 
when  it  is  heated  and  ex- 
pands. Much  less  advan- 
tageous is  the  method  of 
laying  13)  and  9-inch 
straights  in  straight  rows 
across  the  hearth,  bricks  in 
alternate  courses  being  laid 
edgewise  and  flatwise. 

The  most  commonly  ad- 
vanced reason  for  the  use 

of  smaller  shapes,  of  standard  size,  is  that  they  are  cheaper  and  truer 
in  form  than  the  larger  sizes,  having  warped  less  in  cooling  off  in  the 
kiln,  so  that  a  minimum  of  clay  is  necessary  in  filling  the  joints  when 
laying  the  brick.  It  is  obvious,  however,  that  the  number  of  joints 
is  greatly  increased,  and  in  direct  proportion,  the  probability  of  iron 
penetrating  the  joints  with  inevitable  disruption  of  the  hearth  bot- 
tom is  increased. 
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DEPTH  OF  JACKET  B 


7  HEARTH  BOTTOM. 


The  repeated  experience  of  finding  a  salamander  that  extends  to  a 
considerable  depth  and  has  worked  out  under  the  jacket,  even  vith 
the  most  painstaking  care  in  selecting  and  laying  hearth  brickwork, 
has  led  furnace  managers  to  extend  the  hearth  jacket  downward. 
In  present  practice  the  hearth  jacket  extends,  on  an  average,  4  feet 
below  the  hearth  bottom,  and  most  of  the  jackets  recently  built 
extend  4  feet  6  inches  and  5  feet  below  the  hearth  bottom.  The 
writer  knows  of  one  which  extends  6  feet,  and  another  8  feet  below 
the  bottom  of  the  hearth ;  in  each  case,  water-cooled  plates  set  behind 
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the  hearth  jacket  are  used  to  cool  Uie  bottom  jacket  These  figures, 
however,  are  extreme,  as  it  is  felt  by  the  great  majority  of  furnace 
men  that  4  feet  6  inches  provides  a  large  factor  of  safety,  provided 
that  the  hearth  quality  brickwork  is  carried  down  beneath  the  jacket 
for  another  4  feet  6  inches  and  is  bound  in  rigidly  with  steel  bands 
or  by  a  steel  subjacket. 

At  this  depth,  4  feet  6  inches  below  the  original  bottom  of  the 
hearth  and,  as  nn  aierage  figure,  12  feet  to  14  feet  6  inches  beneath 
the  center  line  of  the  tuyeres,  it  is  only  infrequently  the  case  that 
the  heat  is  sufficient  to  keep  iron  fluid  so  that  by  either  mechanical 
or  chemical  action  it  can  effect  further  disintegration  of  the  brick. 
This  hypothesis  can  hold  only  if  the  brickwork  beneath  the  jacket 
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is  SO  strongly  held  in  that  expansion  cracks  can  not  form.  If  the 
brickwork  is  thus  held  and  expansion  closes  the  joints,  the  chance 
of  a  breakout  beneath  the  hearth  jacket  may  be  disregarded.  It  is 
felt  that  water-cooling,  if  desired  at  this  depth,  is  preferably  effected 
by  independent  means,  rather  than  by  prolonging  the  depth  of  the 
interior  water-cooled  hearth  segment,  or  plate,  inside  a  steel-plate 
jacket.  There  are  two  reasons  for  this  preference.  Uneven  expan* 
sion  strains  at  the  different  depths  below  the  tapping  hole  can  be 
more  adequately  taken  up  by  two  superimposed  jackets  than  by  one 
of  equivalent  length ;  and  stoppage  of  the  water  supply  by  plugging 
of  a  cast-in  cooling  pipe  in  a  subjacket,  or  of  a  pipe  embedded  in 
the  brickwork  about  the  hearth  bottom  beneath  the  jacket,  is  not  as 
liable  to  be  immediately  serious  as  a  similar  plugging  of  the  pipe 
at  the  bottom  of  a  deep  hearth- jacket  section  or  plate,  as  this  in- 
volves the  failure  of  cooling  the  hearth  walls  in  a  zone  where  con- 
tinued and  positive  cooling  is  essential. 

USE  OF  8UBJACKETS. 

As  mentioned  above,  sub  jackets  are  sometimes  used  to  reinforce 
hearth  bottoms.  The  subjackets  used  are  of  four  types.  One  type 
consists  of  a  steel-plate  subjacket,  1^  inches  thick  and  4  feet  high, 
riveted.  These  jackets  may  be  set  directly  beneath  the  hearth  jacket 
or  outside,  with  the  top  2  to  6  inches  above  the  base  line  of  the  hearth 
jacket 

A  second  type  is  a  cast-steel  jacket,  flanged  and  bolted.  This  is  set 
similarly  to  the  steel-plate  jacket,  or  outside  the  line  of  the  columns. 

The  third  is  a  cast-iron  jacket,  made  up  of  segments,  with  cooling 
pipe  cast  in.  This  is  usually  set  with  the  top  a  little  above  the  base 
line  of  the  hearth  jacket,  and  is  a  little  larger  in  diameter  than  the 
jacket.  Feed  and  discharge  pipes  are  led  down  to  it  along  the  col- 
umns, as  shown  in  figure  29.  The  disadvantage  with  these  water- 
cooled  subjackets  is  that  the  water  connections  sometimes  break  off 
by  slight  movements  of  surrounding  brickwork  or  of  the  jacket, 
owing  to  expansion  adjustments.  Their  advantage  lies  in  the  bind- 
ing effect  of  the  strong  jacket  on  the  inclosed  brickwork,  as  the  seg- 
ments are  held  together  by  shrunk-on  links. 

In  the  fourth  type  the  subjacket  is  replaced  by  massive  steel  bands. 
There  may  be  as  many  as  four  bands,  12  to  15  inches  wide  and  up  to 
2  inches  thick.  A  bottom  built  frcMn  large  shapes  with  a  band  in- 
closing each  course  is  very  strong. 

All  the  tjrpes  mentioned  have  given  good  results;  the  cast-steel 
type  is  least  in  favor.  With  the  exception  of  the  water-cooled  sub- 
jacket,  difficulty  is  found  with  any  of  them  when  used  beneath  a 
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steel-plate  jacket  that  is  i^ray  cooled  and  when  the  bottom  of  the 
water  ditch  about  the  jacket  is  2  feet  or  more  above  its  base  line. 
It  has  repeatedly  happened  in  such  cases  that  the  surrounding  brick- 
work has  become  so  hot  that  the  subjacket  is  melted  or  cut  and  the 
iron  has  come  through.  It  is  clearly  established  that  positive  water- 
cooling  must  extend  down  to  the  bottom  of  the  hearth  jacket  if  the 
subjacket  is  to  be  of  value.  So  many  subjackets  have  been  found  cut 
from  top  to  bottom  that  several  plants  cool  the  subjacket  or  bands  by 
means  of  2-inch  extra-heavy  pipes,  set  vertically  about  the  outside  of 
the  jacket  or  band,  on  10-inch  centers.  These  pipes  are  welded  or 
otherwise  connected  at  the  bottom  to  form  a  gooseneck  circuit. 

USE  OF  COOIiING  PIPES  INSIDE  THE  HEARTH. 

Probably  the  most  courageous  method  of  combating  the  penetra- 
tion of  iron  into  the  bottom  and  the  formation  of  a  salamander  is 
the  placing  of  jamb  pipes  inside  the  hearth  brickwork  and  extend- 
ing  from  the  top  of  the  hearth  jacket,  between  the  hearth  and 
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FiGUBE  29. — Hearth  bottom  having  east-lron  Jacket  with  cooling  pipes  cast  in. 

tuyere  jacket,  diagonally  downward  to  beneath  the  bottom  of  the 
hearth.  Until  this  construction  has  been  thoroughly  tried  out  few 
furnace  men  will  admit  that  any  good  can  come  of  it. 

LEAVING  IN   THE   SALAMANDER  ON   RELINING. 

On  the  basis  of  inquiries  made,  it  seems  that  about  86  per  cent  of 
the  furnaces  in  this  country  make  the  salamander  the  hearth  bottom. 
The  men  in  charge  of  these  furnaces  have  come  to  the  ccmdusion 
that  regardless  of  the  kind  of  brick  or  construction  employed  the 
bottom  will  disapi)ear  to  a  certain  depth,  and  that  if  the  iron  should 
by  any  chance  go  any  deeper  no  harm  is  done.  The  view  has  ato 
been  advanced  that  the  iron  eats  to  a  certain  depth  at  the  first  blast, 
then  solidifies  into  a  permanent  block,  which  undergoes  no  change 
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daring^  the  remaming  life  of  the  furnace.  This  solid  mass  of  cast 
iron,  it  is  claimed,  is  more  effective  than  the  best  brickwork  in  pre- 
venting breakouts,  because  it  is  without  cracks  or  joints  and,  from  its 
high  heat  conductivity,  will  dissipate  heat  quickly  and  freeze  any 
iron  that  may  be  lowering  the  bottom.  In  support  of  this  view  in- 
stances have  been  cited  where,  on  blowing  the  furnace  out  and  tearing 
out  the  brickwork  between  the  jacket  and  salamander,  a  distinct  and 
separate  layer  or  skull  of  iron  could  be  seen  on  top  of  the  old  sala- 
mander from  a  previous  blast.  This  skull  represented  the  new  sala- 
mander, and  goes  to  support  the  theory  that  once  the  lower  part  of 
the  salamander  formed  on  the  iGrst  blast  is  solidified  in  any  way  the 
hearth  temperature  never  after  becomes  high  enough  to  remelt  it 

Against  this  view  may  be  cited  the  breakout  described  under  ex- 
ample No.  10  (pp.  55,  56),  which  indicates  unmistakably  that  the 
salamander  had  remelted  and  continued  to  work  down,  and  also  the 
breakout  described  under  example  No.  11,  in  which  case  the  sala- 
mander had  not  been  removed.  Other  objections  are  that  on  blowing 
in  with  an  iron  bottom,  the  bottom  tends  to  work  high  for  some  time, 
inducing  cold,  high-sulphur  iron,  and  causing  difficulties  with  the 
tapping  hole,  that  is,  hard  holes  which  may  lead  to  hazardous  con- 
ditions. However,  if  enough  of  the  salamander  is  removed  so  that 
about  18  inches  of  brickwork  can  be  laid  on  top  of  it,  this  danger  dis- 
appears. Another  disadvantage  of  having  the  salamander  in  is  that 
the  furnace  is  prone  to  work  on  a  deep  bottom  in  the  course  of  a  few 
months. 

More  serious  is  the  trouble  caused  by  the  expansion  of  the  sala- 
mander. When  the  salamander  is  left  in,  the  hearth  jacket  is  usu- 
ally re-covered,  the  brick  dug  away,  and  enough  of  the  salamander 
wedged  or  shot  away  to  permit  laying  30  to  40  inches  of  brickwork 
between  the  jacket  and  salamander  on  relining.  If  the  salamander 
extends  outward  when  uncovered  in  removing  the  brickwork,  it  is 
necessary  to  work  to  the  bottom  of  the  hearth  jacket  in  splitting  off 
the  side,  in  order  to  put  in  an  underpinning  of  brick  beneath  the 
base  of  the  jacket  and  obtain  the  desired  thickness  of  new  wall.  In 
some  instances  the  brick  foundation  for  the  jacket,  perhaps  9  or  13| 
inches  thick,  is  laid  directly  on  top  of  the  chilled  salamander,  which 
had  worked  to  an  unknown  distance  laterally  and  downward,  as 
shown  in  figure  30.  If  no  expansion  space  is  left  between  the  jacket 
and  brick,  or  brick  and  salamander,  it  may  easily  happen,  and  has 
happened,  that  the, salamander  heats  and  expands  after  the  furnace 
is  blown  in,  so  that  the  hearth  jacket  is  cracked  and  crevices  form 
in  the  hearth  brickwork,  which  may  result  in  a  breakout.  Column 
base  plates  have  been  cracked  and  columns  displaced  so  that  they 
get  out  of  plumb.  Such  methods  of  rebuilding  the  hearth  can  not 
be  said  to  be  approved  of  by  the  majority  of  furnace  men.    Of  state- 
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ments  made,  about  70  per  cent  recommend  removing  the  salamander 
at  each  or  alternate  relinings. 

PROTECTION  OP  PURNACB  COLUMNS. 

The  columns  about  the  furnace  are  usually  incased  in  fire  brick 
or  concrete  from  the  base  plate  up  to  the  cast-house  pavement  (see 
fig.  29).  Often  this  reinforcement  in  the  vicinity  of  the  tapping 
hole  and  cinder  notch  is  extended  about  2  feet  above  the  pavement. 
On  most  of  the  recently  built  furnaces  the  base  plates  of  the  columns 
rest  on  a  concrete  column  or  ring  built  about  the  hearth  jacket  and 
having  its  top  2  to  3  feet  above  the  bottom  of  the  jacket  With  this 
construction  any  iron  escaping  through  or  beneath  the  jacket  will 
be  less  likely  to  come  in  contact  with  and  cut  the  column,  thus  under- 
mining and  weakening  the  foundations  of  the  furnace.  In  the 
older  furnace  plants  the  columns  stand  on  the  concrete  or  brick  foun- 
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dation  on  which  the  hearth  brick  rests;  their  base  may  be  at  the 
same  level  or  lower  than  the  base  of  the  hearth  jacket  Several  in- 
stances have  occurred  where  molten  iron  penetrated  the  columnS} 
which  are  usually  hollow  with  3-inch  walls,  and  rose  up  inside  the 
columns.  The  brick  and  concrete  foundations  inclosing  the  columns 
and  base  plates  are  usually  held  in  against  expansion  of  the  brick- 
work and  of  the  hearth  by  very  heavy  steel  bands. 

COOLING  TITK  AVALL  AROI'T  THE  TAPPING  HOLE. 

With  furnaces  having  steel-plate  hearth  jackets  cooled  by  spravs, 
the  weakest  point  is  usually  just  above  and  below  the  tapping  hole. 
A  few  have  Z-bars  riveted  on  over  the  iron  notch  which  divert  the 
spray  water  to  one  side.  More  often  this  part  is  not  cooled,  reliance 
being  placed  in  a  cooling  plate  about  3  feet  above  the  tapping  hole, 
set  back  12  inches  from  the  inside  face  of  the  lining,  and  the  use  of 
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conisiderable  amounts  of  clay  in  stopping  the  hole.  This  clay  flattens 
against  the  wall  and  tends  to  build  up  and  constantly  renew  the 
brick  eroded  by  the  blast.  Frequently,  beneath  the  tapping  hole  a 
brick  pier  is  built  against  the  jacket  on  which  the  skimmer  trough  is 
placed.  This  induces  melting  of  the  jacket  and  breakouts  at  this 
point.  To  take  care  of  this  difficulty  in  jackets  relying  on  spray  cool- 
ing, a  small  auxiliary  trough  is  riv^ed  or  cast  on;  the  skimmer 
trough  is  set  in  this  and  packed  with  loam  to  make  a  tight  fit.  The 
ditch  is  extended  completely  about  the  jacket  and  a  spray  introduced 
beneath  the  trough.  A  very  serious  accident  was  caused  by  the  lack 
of  such  a  trough;  the  iron  at  cast  ate  down  between  the  jacket  and 
skimmer  trough,  dropped  into  the  water  in  the  ditch,  and  caused  an 
explosion. 

IMFOBTA17CE  OF^TTHNAGE  DESIGN  AND  CONSTRUCTION. 

It  may  be  thought  that  too  much  attention  has  been  devoted  in  pre- 
vious pages  to  details  of  construction.  In  contrast  with  nearly  every 
other  class  of  furnace  accidents,  breakouts  are  primarily  dependent 
upon  construction.  If  the  bodi,  tuyere  breast,  hearth  walls  and 
jacket,  or  hearth  bottom  lack  strength  or  rigidity,  or  are  insufficiently 
cooled,  changes  in  practice  or  methods  of  work  to  avert  breakouts 
are  of  little  avail,  and  inasmuch  as  these  accidents  usually  occur 
with  appalling  suddenness  and  frequently  without  warning,  proper 
design  of  this  part  of  the  furnace  is  practically  the  only  means  of 
prevention. 

NXED  OF  ATTENTION  TO  COOLINO-WATBR  SUFPLT. 

Several  precautions  and  emergency  measures  may  be  taken  to 
minimize  the  danger  incident  to  breakouta  The  bosh-cooling  plates 
and  also  the  plates  about  the  tuyere  breast  should  be  fluked  out  regu- 
larly once  a  week  with  water  under  high  pressure  to  prevent  excessive 
accumulation  of  sediment.  If  this  precaution  is  neglected  failure  of 
the  plates  is  much  more  likely.  In  the  lower  part  of  the  furnace, 
where  the  plates  may  come  in  contact  with  molten  iron  in  the  hearth, 
an  explosion  may  result  if  the  iron  touches  a  plate  insufficiently 
cooled  because  of  water  circulation  being  hindered  by  deposited  mud. 

The  feed  water  for  the  cooling  equipment  should  go  through  a 
double  basket  strainer  with  holes  not  larger  than  one-quarter  inch. 
These  baskets  should  be  changed  and  cleaned  at  the  beginning  of 
each  shift  or  oftener,  and  in  times  of  flood  water  when  leaves,  chips, 
and  other  debris  may  be  drawn  in  at  the  pumps,  the  strainer  should 
be  inspected  more  frequently.  In  addition  to  provision  for  high- 
pressure  water,  there  should  be  a  steam  line  into  the  cast  house  to 
blow  obstructions  out  of  cooling  pipes  cast  into  the  hearth- jacket 
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segments  or  plates.  Steam  at  130  to  150  pounds  pressure  vnil  fre- 
quently open  a  plugged  or  slowly  dribbling  pipe  that  does  not 
respond  to  high- water  pressure. 

The  discharge  pipes  from  hearth-cooling  equipment  should  be 
carefully  watched  for  signs  of  slackening  flow  or  steamy  water.  As 
soon  as  such  are  seen  the  high-pressure  water  should  be  promptly 
turned  on  and  kept  on  for  several  hours,  on  until  the  service  water 
does  not  become  unusually  hot  when  turned  on.  An  abnormally  high 
temperature  of  the  water  is  not  necessarily,  but  is  likely  to  be,  an 
indication  that  the  wall  is  becoming  thin  near  that  part  of  the  jacket 
or  that  a  crack  is  slowly  opening.  A  larger  volume  of  water  cir- 
culated will  help  to  stop  the  intrusion  of  molten  iron  by  cooling  the 
wall  in  that  vicinity  much  faster.  With  spray-cooled  plate  or  cast 
jackets,  an  additional  short  spray  over  any  part  that  is  becoming 
steamy  is  for  the  same  reason  an  effective  ss^eguard  against  failure 
of  the  jacket  at  that  point 

CARE  OF  THE  HEARTH  orTCH. 

If  there  is  a  ditch  about  the  jacket,  it  should  be  kept  clean.  All 
debris,  such  as  coke,  slag,  and  dirt,  should  be  cleaned  out  regularly 
and  not  permitted  to  accumulate.  Before  the  furnace  is  started  up. 
the  bottom  and  sides  of  the  ditch  should  be  grouted  with  a  neat 
Portland  cement  mortar  so  as  to  be  absolutely  tight  and  prevent  water 
from  seeping  down  about  the  hearth  foundations.  Whenever  the 
furnace  is  shut  down  one  or  two  days  for  repairs,  as  is  the  case  once 
or  twice  a  year,  the  spray  should  be  shut  off,  the  ditch  cleaned  out, 
and  another  coat  of  cement  applied  to  close  up  any  cracks  developed 
by  the  expansion  of  the  hearth  and  other  brickwork. 

The  outlet  of  the  ditch  should  not  be  raised  to  raise  the  level  of  the 
water.  Cooling  is  more  effectively  done  by  a  spray  giving  a  rapid 
flow  of  water  down  the  entire  surface  to  the  bottom  than  by  a  body 
of  water  flowing  with  relative  slowness  about  the  ditch.  Another 
reason  for  not  keeping  the  water  in  the  ditch  at  a  high  level  is  that  if 
the  surface  is  higher  than  the  bottom  of  the  skimmer  trough  the 
water  may,  as  has  happened,  work  its  way  between  the  bottom  of  the 
trough  and  the  brickwork  of  the  pier  upon  which  the  trough  rests, 
seep  up  between  two  sections  into  the  trough,  and  cause  an  explosion. 
The  need  of  such  precaution  is  obvious  when  the  ditch  extends  com- 
pletely around  the  jacket,  but  is  not  so  self-evident  when  the  trough 
rests  upon  brickwork  in  front  of  the  hearth  jacket  below  the  tappmg 
hole.  When  that  section  of  the  spray-cooled  jackets  above  the  tip- 
ping hole  becomes  hot  and  water  cooling  is  not  feasible,  it  6an  be 
effectively  cooled  by  directing  a  blast  of  cold  air  on  its  surface  from 
one  or  more  "  rose-head ''  nozzles. 
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PRECAUTIONS  AT  BLOWING  IN. 


SEOULATION   OF  COOUNG   WATER. 


In  blowing  in  it  is  customary  to  delay  turning  the  cooling  water 
on  or  into  the  hearth  jacket  until  the  first  flush  of  cinder  has  ap- 
peared, in  order  to  avoid  any  possible  chilling  of  the  hearth.  After 
the  first  or  second  flush  the  water  is  started  slowly  and  brought  up  to 
full  head  in  the  course  of  48  hours,  depending  on  the  rate  of  blowing 
in  and  of  obtaining  the  first  cast.  It  is  imperative  that  the  water 
system  be  given  a  thorough  try  out  before  blowing  in,  for  in  event  of 
any  defect  appearing  immediately  after  the  furnace  is  started  there 
is  good  cause  for  apprehension,  as  water-cooling  must  be  effective 
from  the  start  in  order  to  establish  the  working  thickness  of  the 
walls. 

Cooling-water  discharges  from  the  columns,  if  the  columns  require 
cooling,  should  be  in  plain  sight  of  the  furnace  crew,  and  not  led  into 
the  ditch  beneath  the  ditch  plates.  Cooling  should  not  be  employed 
until  the  columns  become  quite  warm  to  the  touch,  and  even  then 
they  are  probably  as  safe  without  as  with  interior  cooling,  for  if  iron 
should  penetrate  into  a  column  filled  with  water,  in  all  probability 
the  resulting  explonon  will  wreck  the  column.  Water-cooling  of 
columns  was  originally  employed  at  furnaces  where  the  column  base 
was  beneath  the  bottom  of  the  hearth  jacket  and  was  useful  in  cooling 
the  surrounding  brickwork. 


TYPES  OF  SLAGS  AT  BLOWING  IN. 


In  blowing  in,  it  is  customary  so  to  burden  the  furnace  that  the 
slag  will  be  extremely  limy,  as  a  limy  slag,  particularly  with  the  ex- 
tremely hot  iron  made  during  the  first  8  or  10  casts,  is  conducive  to 
a  heavy  separation  of  graphite  which  may,  to  some  extent,  protect 
the  hearth  walls  and  bottom.  Typical  analyses  of  blowing-in  slags 
are  given  herewith : 

Results  of  analyses  of  limy  slags  from  three  plants. 


Content  in  slag  from— 


Constituent. 


Plant  A.« 


SiOt.. 
AliQ,. 
CaO.. 
MgO. 
Md... 
S 


Thoret- 
ical. 


Per  cent. 
30.:>3 
11- 7G 
40.91 
12.23 
1.54 
3.03 


Actual. 


Plant  B.fl 

TlM'orcl 


Percent. 
34. 34 
16.42 


3.14 
.55 


ical. 


Pa  cent. 

24.35 

19.39 

5a  11 

4.15 

.39 

1.55 


Vctual. 


Plant  C.o 
TheoiTt- 


ical. 


Percent. 

29.10 

19.  S8 

4&40 

2.56 

.15 

1.71 

Tnoe. 


Per  cent. 

28.98 

16.58 

47.58 

Z53 

.33 

2.19 


Vctiial. 


Percmt. 

30.23 

16.04 

47.33 

2.07 

.81 

1.45 

.21 


*  Analy-ses  by  plant  chemist. 
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The  slag  obtained  at  plant  B  gave  trouble  for  several  days,  as  in 
spite  of  high-silicon  iron,  high  sulphur  persisted  and  was  not  lowered 
until  500  pounds  of  gravel  was  added  to  the  burden  to  decrease  the 
alumina  content.  The  theoretical  analyses  from  plants  B  and  C  show 
needlessly  limy  or  aluminous  slag.  The  slag  at  plant  A,  although 
limy,  was  much  more  fluid  on  account  of  the  high  magnesia  content. 
The  slag  at  plant  C  was  so  limy  that  it  slaked  in  the  runners. 

As  is  evident,  liming  the  charge  at  blowing-in  can  be  overdone  very 
easily,  and  it  is  becoming  the  tendency  to  make  the  blowing  slag  as 
nearly  normal  as  practicable  with  regard  to  the  limitations  of  the 
constituents  of  the  blowing-in  burden,  as  the  high  silicon  content  of 
the  iron  causes  graphite  to  separate  regardless  of  the  character  of  the 
slag.  Examples  of  blowing-in  slags  from  two  plants,  as  analyzed  by 
the  plant  chemist,  which  gave  richly  graphitic  hot  iron  without  being 
abnormally  basic,  are : 

Results  of  analyses  of  slag  from  tv)o  plants. 

Slag  from  Slag  from 

Constituent.                                                                            plant  D.  plant  B. 

SiOa per  cent—  32.80  85.39 

AlaO. do 17J20  15.03 

CaO do 45.30  44.a') 

MgO do 1.30  3.28 

Mn do .41  

S do 2.44  1.C8 

Fe do .22  

All  these  slags  were  described  as  hot  and  gray.  A  few  furnace 
managers  fill  the  hearth  below  the  tapping  hole  with  clean,  large 
lumps  of  converter  cinder.  This  cinder  carries  from  8  to  15  per 
cent  of  manganese  oxide,  which  is  supposed  to  have  a  reducing 
action  and  impart  a  high  manganese  content  to  the  pig  iron  collect- 
ing in  the  hearth  previous  to  the  first  cast,  and  thus  promote  the 
separation  of  graphite,  an  action  noted  in  furnaces  producing  fenro- 
manganese.  Inasmuch  as,  to  be  on  the  safe  side,  a  furnace  has  to  be 
blown  in  hot  anyway,  it  is  likely  that  neither  an  excessively  limy 
burden  nor  one  that  will  give  high  manganese  iron  is  at  all  essential, 
and  that  graphite  separation  will  take  place  in  any  case,  whether 
helpful  or  not,  at  this  stage  of  the  run. 

KE<irL.vRrrv  ix  rLrsiiiNo  and  casting  kssentiau 

Regularity  in  the  time  of  flushing  and  of  casting  is  imperative. 
The  higher  the  iron  rises  in  the  hearth,  the  greater  the  internal  pres- 
sure and  the  danger  of  iron  penetrating  the  walls  and  causing  a  break- 
out just  before  casting.  While  the  interval  between  casts  is  gov- 
erned somewhat  by  the  rate  of  driving  and  the  capacity  of  the  hearth, 
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there  is  nevertheJess  a  oonsiderabk  discrepancy  between  the  ton- 
nage per  cast  in  furnaces  of  the  same  rated  hearth  capacity.  This 
difference  does  not  necessarily  indicate  that  the  furnace  making  the 
larger  production  is  in  a  more  hazardous  condition,  or  that  with 
the  one  making  the  smaller  production  the  cast,  in  case  of  emergency, 
can  be  delayed  until  the  hearth  contains  an  amount  of  iron  equiva- 
lent to  the  tonnage  per  cast  of  the  faster  driven  furnace.  This  is 
because  the  tapping  hole  on  the  furnace  making  the  larger  tonnage 
is  deeper  and  the  hearth  is  deeper,  so  that  the  space  between  the 
bottom  of  the  tapping  hole  and  the  center  line  of  the  cinder  notch 
after  cast — this  distance  representing  the  maximum  capacity  of  the 
hearth  for  iron — is  much  greater  than  on  a  slower  rate  of  driving. 
Figure  31  shows  this  condition.  It  is  therefore  dangerous  to  hold 
back  the  cast  beyond  the  regular  time,  and  there  should  be  firm 
insistence  that  holding  of  casts  be  avoided. 


T-T— 
.  3'$" 


Center  line  of 
tuyeres 
CeMer  line  of 


9'  3"  j 
T    6* 


cinder  notch 


Center  line  of 


n 


^.y   inm  notch 


1  Center  line  of 


bottom  hole 


FiGUKK  .31. — Diagram  showing  hearth  conditiona  of  fast-driving  furnace. 


PRACTICE  WHEN  CASTING  IS  DELAYED. 


MirrHODS'  OF  0FENI2V0  HARD  HOLES. 


To  avoid  the  probability  of  having  to  hold  casts  on  account  of 
hard  or  ironed-up  holes,  every  plant  should  keep  in  stock  at  least  a 
half  dozen  cylinders  of  compressed  oxygen.  By  directing  a  jet  of 
oxygen  against  the  hot  solid  skull  in  the  hole,  or  if  the  skull  be  cold 
against  a  handful  of  glowing  kindling  and  aluminum  powder  placed 
against  it,  the  hole  can  be  opened  very  quickly. 

Another  method  is  to  use  an  electric  burner,  consisting  of  a  3-inch 
carbon  rod  connected  to  the  negative  pole  of  a  generator,  the  posi- 
tive pole  being  applied  to  the  hearth  jacket.  Such  a  burner  takes 
care  of  mixtures  of  slag  and  iron  that  the  oxygen  jet  may  not  eat 
through.  The  invention  of  these  two  appliances  undoubtedly  has 
prevented  many  breakouts,  and  they  should  be  a  part  of  the  equip- 
ment at  every  furnace.    The  only  objection  ever  urged  against  them 
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is  a  smgular  one;  it  is  stated  that  if  permanent  connections  for  an 
electric  burner  and  a  readily  obtained  resistance  are  provided,  or  if 
oxygen  tanks  are  kept  in  readiness,  the  furnace  crew  becomes  care- 
less in  the  care  of  the  tapping  hole,  and  hard  holes  are  more  fre- 
quent, and  that  the  men  rapidly  lose  skill  in  sledging  and  become 
less  resourceful.  If  these  appliances  are  not  used  with  some  discre- 
tion by  the  foreman,  such  a  state  of  affairs  may  exist.  However,  it 
has  not  been  observed  by  the  writer,  and  the  objection  is  put  forward 
only  at  plants  where  the  management  is  inclined  to  be  conservative. 

Although  a  new  tapping  hole  can  usually  be  made,  at  the  expense 
of  some  delay,  by  driving  and  drilling  above  the  old  tapping  hole, 
or  by  driving  a  bar  through  the  skull  with  sledges,  rams,  or  dollies, 
it  sometimes  happens  that  the  bar  breaks  off  in  the  back  of  the  hole 
when  an  attempt  is  made  to  withdraw  it  with  the  "  Welshman,"  or 
freezes  in  the  hole  and  can  not  be  withdrawn,  or  the  molten  iron 
freezes  in  the  hole,  or  the  hole  dribbles  iron  very  slowly  and  the 
pricking  rod  can  not  be  pushed  in;  then  the  fluid  iron  may  cool 
filling  the  tapping  hole  and  trough  with  a  solid  mass  of  iron.  Any 
of  these  mishaps  leaves  matters  worse  than  before.  Meanwhile  the 
iron  is  rising  higher  and  higher  in  the  hearth,  and  if  it  rises  above 
the  line  of  safety  it  may  run  out,  cut  the  "  monkey  *'  or  cinder  notch, 
and  cause  an  explosion,  or  break  through  at  some  weak  place  in  the 
hearth. 

These  misadventures  and  possible  accidents  can  be  avoided  only  by 
providing  oxygen  and  electric  burners.  In  the  event  of  a  "  mucky  " 
hole,  one  in  which  the  iron  is  so  pasty  that  it  will  not  run  freely 
but  moves  slowly  up  in  the  hole  as  it  is  burned  out,  neither  type  of 
burner  is  of  much  use;  but  this  is  about  the  only  frequent  serious 
condition  that  the  burner  can  not  overcome. 

PRECAUTIONS  TO  PBEVENT  THE  IBON  BISINO  TOO  HIGH. 

In  the  event  of  an  obstinate  hole,  or  breakdown  at  the  mixer  or 
pig  machine,  delay  in  emptying  the  beds,  or  delay  in  spotting  the 
ladles,  care  must  be  taken  that  the  iron  does  not  rise  too  high  in  the 
hearth.  At  some  plants  where  the  hearth  walls  are  known  to  be 
weak,  or  the  hearth  bottom  very  low,  the  blast  is  taken  off  just  as 
soon  as  any  delay  develops  without  promise  of  immediate  correction. 
Other  plants  keep  on  full  wind  for  not  more  than  40  minutes  after 
the  regular  casting  time.  If  the  delay  still  persists  the  blast  is  re- 
duced from  a  pressure  of  15  to  9  pounds  and  thus  to  a  pressure  of 
4  to  5  pounds.  This  low  pressure  is  kept  on  not  more  than  20  to  30 
minutes,  as  it  may  make  the  furnace  stick;  then  the  blast  is  taken  off 
altogether  and  the  furnace  drafted  back. 

The  furnace  should  be  flushed  more  or  less  continually  during 
such  delays  to  keep  the  cinder  away  from  the  tuyferes.    Care  should 
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be  taken  not  to  let  the  iron  come  over  the  cinder  notch,  as  it  may 
cause  an  explosion,  and  especially  not  to  keep  the  wind  on  until  the 
iron  is  above  the  cinder  notch  and  cinder  at  the  tuyeres,  when  the 
cinder  can  not  be  flushed  without  danger  of  cutting  the  ^  monkey  " 
and  cinder  coolers  nor  the  wind  be  taken  oflf  without  the  blowpipes 
filling. 

ATTENTIOX  TO  SIGNS  OF  A  BREAKOUT. 

The  cast-house  crew  should  be  instructed  to  pay  particular  attention 
to  any  indications  or  signs  of  breakouts.  Although  breakouts  through 
the  hearth  jacket  above  the  tapping-hole  level  are  frequently 
sudden  and  without  warning,  nevertheless  indications  are  not  always* 
lacking;  the  jacket  may  get  unusually  hot  and  steam  heavily,  or  the 
water  discharge  from  the  cooling  pipes  set  behind  the  jacket,  or  in 
plates  or  jacket  segments,  may  start  to  steam  and  boil. 

Impending  breakouts  beneath  the  tapping-hole  level  are  indicated 
as  follows:  The  pavement  and  brickwork  about  the  jacket  may  be- 
come abnormally  hot;  the  base  itself,  if  not  inclosed,  may  get  un- 
duly hot;  the  columns,  if  uncooled,  may  become  too  hot  to  touch,  or 
if  cooled^  the  discharge  water  becomes  very  steamy ;  steam  or  gas, 
the  latter  igniting  and  burning  with  a  bluish  flame,  may  issue  from 
the  cracks  and  joints  in  the  pavement  and  in  the  brickwork  about 
the  columns  and  jacket 

PROCEDIJBE  WHEN  A  FURNACE  IS  "  LOSING  "  OR  "  HOLDING ''  ITS  IRON. 

^*  Losing  the  iron,"  and  flames  about  the  base,  are  unmistakable 
signs  of  lowering  of  the  bottom,  undue  penetration  of  iron  to  moisture- 
impregnated  brickwork,  or  a  breakout.  The  significance  of  a  fur- 
nace ^Mosing  the  iron"  has  been  described,  but  it  should  be  men- 
tioned that  this  condition  is  not  to  be  confused  with  a  furnace  ^'  hold- 
ing the  iron,"  the  occasional  failure  of  a  furnace  taking  charges 
regularly  to  give  anything  like  the  normal  amount  of  iron  at  cast. 
When  a  furnace  loses  its  iron,  there  is  usually  a  heavy  run  of  cinder 
from  the  tap  hole  and  a  small  cast  or  none,  whereas  if  a  furnace  is 
holding  up  its  iron,  the  tapping  hole  usually  runs  iron  very  slowly, 
with  considerable  blowing  or  blubbering,  and  the  amount  of  cinder 
is  somewhat  scanty. 

The  best  way  of  making  sure  that  a  furnace  is  holding  iron  and 
not  losing  it  is  that  used  at  a  large  plant  in  the  Pittsburgh  district. 
In  the  event  of  an  abnormally  small  cast,  even  with  indications  of 
holding  up,  the  cast  time  is  set  forward  2  hours,  and  the  next  cast, 
instead  of  following  5^  hours  later,  as  is  the  regular  practice,  is 
made  3  hours  later.  It  is  rarely  found  that  the  previous  small  cast 
indicates  that  the  furnace  is  losing  iron,  the  contrary  is  more  fre- 
quently the  case.    Setting  forward  the  casting  time,  besides  develop- 
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ing  the  true  state  of  affairs  within  the  hearth,  also  obviates  the 
possibility  of  an  excessively  high  accumulation  of  iron  being  held 
in  the  hearth.  The  practice  is  one  worth  adopting  at  plants  where 
it  is  not  followed. 

When  a  furnace  is  known  to  be  losing  its  iron,  or  when  gas  gen- 
erates and  burns  about  the  base,  a  breakout  is  indicated.  There  may 
simply  be  a  lowering  of  the  bottom,  the  iron  may  be  seeping  slowly 
into  moist  surroundings,  or  a  very  dangerous  breakout  may  have 
started.  Although  the  escaping  iron  may  not  cause  damage  or  an 
explosion,  the  most  careful  plan  is  to  flush  the  cinder,  check  the  fur- 
nace, and  cast  immediately.  The  furnace  should  then  be  allowed 
to  stand  with  the  tuyeres  plugged  for  24  or  48  hours,  when  more 
moderate  driving  and  a  more  limy  slag  will  enable  the  furnace  to 
chill  off  in  the  bottom  and  effect  its  own  repairs^  It  is  also  logical, 
if  the  brickwork  about  the  base  is  inclosed  witli  a  filling  of  sand, 
brickbats,  or  other  rubbish,  to  drill  a  number  of  holes  down  about 
the  outside  and  insert  long  pipes  attached  to  the  water-supply  mains 
to  chill  off  the  bottom.  The  water  should  be  maintained  under  full 
head  on  or  in  the  hearth  jacket,  subjacket,  and  cooling  pipes.  The 
plan  more  generally  followed  is  simply  to  reduce  the  blast  and  make 
a  limier  slag.  When  this  plan  is  followed,  many  advise  against 
saturating  the  surroundings  of  the  hearth  brickwork  with  water, 
because  of  the  danger  of  a  destructive  explosion  if  the  iron  eventu- 
ally gets  into  the  wet  material.  Whenever  derangement  of  the 
hearth  bottom  is  indicated  and  measures  are  being  taken  to  overcome 
it,  there  is  double  need,  until  the  indications  mentioned  have  disap- 
peared, of  the  blower  and  cast-house  crew  being  on  the  alert  for 
increasing  emission  of  gas  about  the  pavements  or  other  signs  of 
the  breakout  developing  faster.  Experience  and  knowledge  of  the 
construction  and  behavior  of  the  particular  furnace  are  the  only 
safe  guides  when  these  conditions  develop,  but  it  may  be  said  that 
it  is  better  to  err  on  the  safe  side  when  the  signs  become  pronounced 
and  to  cast  and  take  the  blast  off  at  once,  or  even,  if  the  signs 
become  especially  alarming,  to  take  the  blast  off  without  casting 
and  simply  flush  the  cinder.  The  crew  should  be  dismissed  from  the 
cast  house,  all  approaches  to  the  cast  house  guarded,  and  the  furnace 
left  standing  until  either  a  breakout  actually  occurs  or  the  signs 
quiet  down.  If  in  about  four  hours  no  breakout  has  occurred,  the 
crew  can  with  comparative  safety  return  and  take  such  measures  to 
bank  down  or  resume  work  as  the  superintendent  decides. 

PROCEDURE  WIIEX  STEAM  ISSUES  FROM  ABOUT  THE  FURNACE  BASE. 

Steam  about  the  columns  and  other  places  in  the  floor  adjacent  to 
the  hearth  bottom  may  indicate,  in  case  of  wet  filling  about  the 
hearth  brickwiH-k,  that  the  base  is  becoming  hotter,  which  is  not 
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without  significance,  or  on  the  contrary  may  indicate  only  that 
water  is  penetrating  into  the  fill,  the  hearth  bottmn  surroundings 
being  only  normally  hot.  In  either  case,  the  appearance  of  steam 
indicates  that  a  c<Miditi<m  exists  that  may  possibly  cause  an  ex- 
plosion should  the  hearth  bottc»n  be  lowering,  widening,  or  cracking, 
and  the  molten  iron  penetrate  the  wet  material  about  the  base.  It 
should  lead  to  prompt  grouting  of  all  ditches,  both  about  the 
jacket  and  in  the  pavement  about  the  cast-house  wall,  and  such  re^ 
pairs  to  pavements  as  will  eliminate  pools  of  water  and  allow  the 
water  to  run  off  quickly.  Except  at  periods  when,  in  the  judgment 
of  the  superintendent,  saturation  of  the  already  more  or  less  wet 
fill  about  the  hearth  foundations  with  water  is  essential  to  prevent  a 
breakout,  these  should  be  kept  as  nearly  dry  as  possible.  A  breakout 
into  dry  sand,  brickbats,  or  other  material  is  harmless  so  far  as  possi- 
bilities of  an  explosion  are  concerned. 

BEPAIRINO   THE    JACKET   AND    WALL    AFTER    A    BREAKOUT. 

In  case  a  breakout  above  the  tapping-hole  level  has  cut  the  hearth 
jacket,  the  most  effectual  means  of  protecting  the  jacket  and  walls 
at  this  point  against  further  failure  is  stated  to  be  the  chilling  of 
the  iron  in  the  hole.  If  necessary  the  iron  is  cooled  with  an  auxili- 
ary spray  during  the  remainder  of  the  run,  and  its  great  relative 
heat  conductivity  makes  it  the  most  resistant  part  of  the  jacket. 
Chilling  of  the  iron  is  frequently  unfeasible.  In  this  event,  the 
hole  is  usually  tightly  rammed  with  clay  and  brickbats.  Another 
method  that  has  also  been  recommended  is  to  drive  an  iron  plug  into 
the  hole,  if  the  latter  is  not  too  large,  and  wedge  it  in  tightly.  This 
serves  in  the  same  way  as  a  chilled  lump  of  iron  left  in  from  the 
breakout. 

When  the  breakout  is  at  the  tapping-hole  level  or  beneath  it  and 
comes  into  the  ditch,  the  usual  practice  is  to  leave  the  solidified  lump 
in,  clean  any  cinder  off  the  top  of  the  lump,  and  raise  the  level  of 
the  water  to  cover  the  top.  Such  treatment  of  the  hole  cut  is  almost 
always  efficient  and  prevents  a  repetition  of  the  accident  at  that 
point. 

When  the  ditch  is  provided  with  a  lead  plate,  through  which  the 
iron  melts  and  escapes  before  chilling  against  the  tapping  hole,  or 
when  the  iron  runs  along  the  ditch  beneath  the  water  and  escapes 
into  the  sewer,  or  when  for  any  reason  the  iron  does  not  chill  in  or 
against  the  hole,  the  latter  is  usually  rammed  full  of  crushed  fire 
brick  (xc  day,  which  is  sometimes  wet  with  tar.  Large  quantities 
are  used  and  are  packed  by  6  to  12  men  swinging  a  broad-faced 
^  doUie  "  against  the  face  as  the  material  is  thrown  in.  Sometimes 
hours  are  consumed  at  this  task,  but  it  is  time  well  spent,  as  the 
emergency  refractory  wall  must  be  tightly  packed  into  the  irregu- 
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larities  of  the  cut-out  hole.  The  surface  is,  if  necessary,  faced  with 
a  thin  brick  wall  and  sprayed  with  water.  Breakouts  thus  repaired, 
if  not  unusually  and  excessively  large,  prove  as  strong  as  the  original 
wall.  In  one  instance,  where  the  hole  was  almost  2  feet  in  diameter 
and  was  cut  near  the  cinder  notch  at  the  bottom  of  the  ditch,  a  solid 
wall  of  concrete  was  built  against  the  clay  packing. 

If  cast-iron  or  steel  jackets  or  vertical  plates  with  cooling  pipe 
cast  in  are  used  and  there  is  no  ditch,  the  furnace  is  usually  allowed 
to  make  its  own  repairs,  iron  that  has  penetrated  the  jacket  or  be- 
tween the  segments  being  left.  Any  cooling  pipe  cut  by  the  iron  is 
disconnected,  and  the  cooling-water  feed  pipes  led  across  to  the 
still  available  connections.  A  hole  is  sometimes  drilled  downward 
along  the  outside  face  of  the  jacket  in  the  brickwork,  and  a  half-inch 
pipe  inserted  for  temporary  water  cooling. 

IVhen  a  destructive  explosion  within  the  cooling  pipe  blows  out  the 
jacket  and  surrounding  brickwork,  the  hole  made  by  the  explosion 
is  usually  cleaned  if  possible,  rammed  full  of  refractory  material, 
and  the  brickwork  replaced  about  the  jacket.  No  instance  is  known 
of  an  attempt  to  replace  a  j  acket  segment  of  a  furnace  in  blast ;  in  fact, 
this  is  unnecessary  and  practically  impossible.  Occasionally  a  space 
is  cleared  in  front  of  the  cut  or  blown-out  section  of  the  hearth  jacket 
and  concrete  is  poured  in.  "WTien  a  breakout  is  in  the  depths  of  the 
furnace  foundations,  unless  the  base  is  uninclosed,  and  the  hole  is 
rammed  with  clay  or  other  material,  usually  no  effort  is  made  to 
find  the  precise  place  and  repair  it,  but  after  the  breakout  the  fur- 
nace is  allowed  to  stand  with  the  wind  off  for  24  to  36  hours  and 
its  surroundings  are  thoroughly  saturated  with  water  to  chill  the 
runaway  iron.  A  few  plants  have  taken  the  opportunity,  on  relin- 
ing,  to  dig  out  the  sand  or  other  fiUing  surrounding  the  hearth 
foundations,  and  fill  the  entire  space  around  and  in  front  of  the 
furnace  with  a  monolithic  mass  of  concrete.  This,  with  elimination 
of  the  water-filled  ditch  about  the  hearth  jacket,  promises  the  great- 
est immunity  from  disastrous  hearth  breakouts. 

TAPPIKGKHOLE  BBEAK0T7TS. 

FACTORS  TENDING  TO  DESTROY  THE  IRON  NOTCH. 

With  hearth  jackets  and  hearth  brickwork  strongly  constructed 
and  copiously  cooled,  the  weakest  point  is  immediately  over  and  at 
the  tapping  hole.  The  iron  notch  is  expected  to  withstand  the 
erosion  of  fluid  iron  forced  out  at  high  velocity,  the  slagging  action 
of  cinder,  which  begins  to  come  out  with  the  iron  during  the  latter 
half  of  the  cast,  and  the  cutting  of  the  gas  or  blast  sweeping  down 
from  the  tuyferes  when  the  iron  sinks  to  a  low  level  in  the  hearth  near 
the  end  of  the  cast.    To  withstand  this  action  there  is  provided 
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simply  a  plug  of  fire  clay,  which  fills  the  opening  left  in  the  hearth 
walls  at  lining,  6  inches  by  24  inches  by  36  inches  in  size. 

Generally  speaking,  the  limier  and  especially  the  richer  in  mag- 
nesia the  ^ag  is,  the  more  severely  is  the  clay  in  the  tapping  hole 
cut  out  and  weakened.  When  the  lime  content  becomes  excessively 
high  so  that  the  slag  is  extremely  mushy,  the  action  is  not  pro- 
nounced, but  the  action  of  limy  slags  sufficiently  fluid  to  work  well  is 
notably  severe. 

METHOD  OF  STOPPING  THE  HOLE  AT  BLOWINO  IN. 

When  the  furnace  is  blown  in  the  iron  notch  is  rammed  full  of  clay 
mixed  with  up  to  33  per  cent  of  coal  or  coke  dust,  the  men  working 
from  the  inside  and  outside  of  the  furnace.  The  notch  is  sometimes 
left  closed,  but  usually  a  4-inch  pipe  is  inserted  in  it  when  it  is 
being  clayed  up.  The  pipe  should  project  at  least  6  inches  inside  of 
the  brick  lining,  and  clay  be  well  packed  about  that  part,  so  that  the 
end  will  be  well  inside  of  any  skull  that  chills  on  the  walls.  Holes 
are  drilled  in  the  outer  end  of  the  pipe,  so  that  it  may  readily  be 
withdrawn.  Sometimes  no  pipe  is  put  in,  but  the  clay  is  packed 
about  a  tapered  form  4  inches  in  diameter  at  one  end,  6  inches  at  the 
other,  and  6  feet  long,  which  is  withdrawn  after  the  furnace  is  filled 
and  ready  to  light.  This  is  done  to  insure  the  hearth  bottom 
being  heated  by  the  gas  sweeping  down  through  and  out  of  the  tap- 
ping hole,  and  also  because  on  blowing  in  great  difficulty  is  usually 
experienced  in  opening  the  tapping  hole,  if  it  is  closed  from  the  start, 
on  account  of  the  iron  chilling  against  the  cold  walls,  as  frequently 
the  first  iron  coming  in  contact  with  the  hole  seems  to  be  cold  and 
insufficiently  carburized,  so  that  it  is  very  tough. 

The  bottom  of  the  hole,  which  is  put  in  horizontal  or  at  a  very 
slight  angle,  is  usually  at  least  18  inches  from  the  hearth  bottom  on 
the  inside,  so  that  the  first  slag  collecting  on  top  of  the  iron  in  the 
hearth  either  closes  this  opening  in  the  iron  notch  or  else,  when  it 
shows  at  the  iron  notch  after  8  to  16  hours,  the  clay  gun  is  swung 
around  and  one  barrel  of  clay  shot  in.  In  either  event,  there  should 
be  only  a  skull  of  cinder  to  drill  .through  when  the  first  cast  is  made. 
An  efficient  method  of  keeping  the  hole  shut  when  blowing  in  is  by 
filling  it,  as  shown  in  figure  32,  page  81. 

CABE  OF  TAPPING  HOLE  WHEN  rURNACE  IS   IN  BLAST. 

The  erosion  of  the  tapping  hole  begins  at  the  first  east.  Usually 
the  top  and  sides  are  worn  away  slightly  by  the  iron,  slag,  and  gas. 
When  the  hole  is  stopped  with  the  clay  gun  at.  the  end  of  the  cast, 
more  than  enough  clay  to  fill  the  hole  is  forced  in,  and  the  surplus 
tends  to  spread  along  the  inside  of  the  wall,  on  the  top,  sides,  and 
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bottom.    The  clay  thus  distributed,  if  it  is  of  correct  plasticity,  tends 
to  replace  completely  the  bumed-away  wall. 

With  increasing  production  the  bottom  of  the  hole  is  made  deeper 
and  deeper  as  the  hole  is  drilled,  the  angle  of  slope  being  increased 
until  the  desired  capacity  is  reached.  With  higher  blast  and  pro- 
duction the  cutting  effect  is  increased,  until  eventually  as  much  as 
three  handbarrow  loads  of  clay  are  used  to  stop  the  hole.  One 
barrowful,  with  the  clay  in  the  barrel  of  the  gun,  is  more  than 
enough  to  fill  the  hole,  the  two  extra  barrowf  uls  being  used  to  insure 
that  the  walls  and  a  substantial  roof  are  built  up.  At  this  stage  such 
excess  clay,  besides  replacing  the  walls,  tends  to  flatten  out  on  the 
inside  of  the  hearth  wall  and  to  thus  form  a  key  which  locks  the 
stopping  clay  in  place  within  the  hole  and  prevents  it  from  being 
blown  out  by  the  internal  pressure.  The  hole  in  a  36-inch  hearth 
wall  is  frequently  5  feet  long,  but  because  of  its  slope  does  not  project 
in  as  far  as  the  length  might  indicate.  It  is  desirable  to  keep  the 
inner  end  of  the  hole  away  from  the  face  of  the  hearth  wall  so  as  to 
protect  the  brickwork  from  the  effects  of  the  current  of  gas  blowing 
down  from  the  tuyeres  and  out  the  hole.  This  may  be  overdone, 
however,  and  the  hole  have  so  long  a  roof  built  up  that  there  will  be 
danger  of  the  roof  breaking  through  while  the  men  are  at  the  drill. 

USE.  OF  COOLING  PLATES  OVER  THE  TAPPING  HOLE. 

To  protect  the  walls  over  the  tapping  hole  from  being  cut  back  to 
an  unsafe  thickness,  a  great  many  plants  insert  a  bronze  cooling  plate 
in  the  brickwork  about  2  to  3  feet  above  the  hole.  Another  method, 
little  used,  is  to.  place  a  cooling  pipe  in  a  pigeonhole  in  the  hearth 
jacket  over  the  tapping  hole.  To  protect  the  sides  and  top  of  the 
tapping  hole  from  being  cut  out,  cooling  boxes  or  plates  have  been 
placed  in  the  brickwork  about  the  hole.  Such  plates  are  very  danger- 
ous, for  if  the  brickwork  is  cut  back  to  the  plate,  as  has  happened 
repeatedly,  the  hot  iron  rushing  past  the  plate,  heats  it  tmtil  the  plate 
wall  melte.  Then  a  terrific  explosion  that  throws  molten  iron  about 
the  cast  house  is  almost  inevitable.  These  devices  are  used  rarely  and 
are  condemned  by  9  out  of  10  furnace  men. 

TTPICAL  TAPPtNG-HOIiE  BREAKOUTS. 
EXAMPLE  NO.    1. 

After  a  cast  the  hole  was  stopped.  The  blast  was  turned  on  about 
30  seconds  after  the  gun  was  put  in  the  hole  and  while  the  hole  was 
still  taking  clay  freely.  The  keeper  removed  the  gun  20  minutes 
after  stopping  the  hole.  The  helpers  were  working  on  the  iron  run- 
ners, ^^  ridding  up,''  and  were  in  direct  line  with  the  hole.     Three  or 
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four  minutes  after  the  gun  had  been  swung  away  from  the  hole  the 
clay  plug  blew  out  and  a  blast  of  hot  coke,  slag,  and  gas  blew  down 
the  cast  house,  severely  burning  four  of  the  helpers.  It  was  stated 
that  the  furnace  had  been  working  with  a  short  hole  for  several 
casts  previously. 

EXAMPLE  NO.   2. 

Six  men  were  opening  the  hole  with  a  churn  drill.  The  hole  was 
reported  to  be  about  4  feet  deep  and  rather  flat  They  were  on  the 
third  spell  and  were  probably  close  to  the  skull,  when  the  tapping 
hole  opened  suddenly  and  blew  a  shower  of  iron  and  flame  over  the 
men,  fatally  burning  the  two  nearest  the  hole.  The  accident  is 
thought  to  have  been  due  to  molten  iron  breaking  through  the  top 
of  the  hole,  but  as  the  keeper  and  helper  were  killed  this  fact  could 
not  be  established. 

EXAMPLE  NO.    3. 

The  hole  had  been  stopped  with  an  unusual  amount  of  clay,  as  it 
tad  been  working  short.  About  two  hours  after  making  the  cast  the 
clay  blew  out  and  the  entire  content  of        .  i 

iron  ran  out  into  the  ladles,  which  were       ^^^^:^^KjrV^  hunmt  of 
standing  where  they  had  been  spotted      g%^^ 
for  the  next  cast.    The  hole  was  stopped     /  /   y^     \\>'^ 
again,  but  in  less  than  an  hour  after  the    //    <>^^^^'   ^J^^ 
next  cast  the  iron  came  through  at  the      \x^  pg^^  ^i^y  ^^  ^^^  ooai 
side  of  the  tapping  hole,  cut  the  jacket  figcrb  32.  — Metkod  or  closing 
to  some  extent,  rapidly  eroded  the  clay,      tapping  hole  when  furnace  la 

and  broke  out  again,  although  the  blast 

was  taken  off  immediately.    No  ladles  had  been  spotted,  and  the 

mass  of  iron  on  the  tracks  had  to  be  cleaned  up. 

Two  hours  later  there  was  a  similar  breakout,  the  iron  starting 
slowly  but  finally  coming  fast.  This  time  the  two  tuyeres  over  the 
tapping  hole  were  plugged,  and,  as  the  hole  was  very  wide,  it  was 
stopped  by  hand,  two  dollies  being  used  to  ram  the  clay  in.  Plug- 
ging the  tuyeres  stopped  the  breakouts  and  enabled  the  wall  ad- 
jacent and  above  the  hole  to  build  up.  There  was  no  cooling  plate 
over  the  tapping,  hole.     No  one  was  injured. 

EXAMPLE  NO.  4. 

A  furnace  was  casting,  and  had  run  about  half  the  cast.  Pressure 
was  still  16  pounds.  The  hole  began  to  blow  very  hard,  and  almost 
immediately  the  entire  stopping  blew  out,  throwing  a  sheet  of  flame 
to  the  bottom  of  the  cast  house  with  a  shower  of  coke,  iron,  and  slag. 
At  the  same  time  a  body  or  pool  of  iron,  apparently  held  up  in  the 
furnace,  broke  out  and  overflowed  the  runners,  sheeting  the  cast- 
house  floor.    Several  men  were  severely  burned. 
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EXAMPUB  NO.  5. 

The  keeper  and  helper  were  engaged  in  ridding  up  the  skimmer 
trough  about  an  hour  after  a  cast,  when  the  clay  blew  out  of  the 
tapping  hole.  The  clay  gun  had  been  swimg  back  only  a  few  min- 
utes.   Both  of  the  men  were  killed. 

EXAKPLE  VO.  6. 

At  one  plant  the  practice  of  allowing  the  furnace  to  blow  at  the 
tapping  hole  at  the  end  of  each  cast  was  followed,  the  blast  being 
kept  at  full  pressure  until  the  iron  ran  only  in  small  dribbles;  for 
about  five  minutes  the  blast  would  blow  flame  and  coke  the  entire 
length  of  the  cast  house.  This  practice  evidently  had  thinned  the 
hearth  walls  and  made  the  clay  stopping  virtually  the  sole  means  of 
holding  in  the  iron  over  a  wide  and  high  area.  A  cooling  plate 
over  the  tapping  hole,  2  feet  10  inches  in  size,  exploded  and  blew  out 
just  before  casting  time.  It  was  thought  that  excessive  blowing  at 
the  hole  had  thinned  the  walls  until  the  cooling  plate  extended  so  far 
inside  the  hearth  that  it  was  unprotected  by  brickwork  for  a  con- 
siderable depth,  and,  owing  to  stiff  clay,  melting  of  clay,  or  momen- 
tary  severe  scouring  action,  the  protective  covering  over  the  plate 
failed  and  allowed  the  iron  to  cut  through. 

EXAMPLE  NO.  7. 

This  furnace  had  two  cast-iron  cooling  boxes,  set  9  inches  from  the 
center  line  of  the  iron  notch  at  each  side.  One  of  these  exploded  just 
as  a  brakeman  entered  the  cast  house.  The  concussion  knocked  him 
down  the  steps  to  the  yard  level,  fracturing  his  back.  Other  men  in 
the  cast  house  were  not  injured. 

EXAMPLE  NO.  8. 

A  similar  explosion  occurred  which  threw  molten  iron  and  flame 
over  two  men  and  fatally  burned  them. 

Ol'HER  TAPPING-HOLE  ACCIDENTS. 

There  have  been  in  the  past  repeated  instances  of  explosions  at  the 
tapping  hole  owing  to  cutting  of  the  cooling  blocks,  but  they  are  now 
a  thing  of  the  past. 

A  not  infrequent  type  of  accident,  which  is  not  regarded  as  a  tap- 
ping-hole breakout,  but  is  nevertheless  essentially  such,  is  when  the 
men  on  the  drill  opening  the  hole  are  careless  or  uninformed  as  to 
the  length  of  the  hole,  and  break  through  the  skull,  or  the  skull  opeuB 
suddenly  when  the  tapping  bar  is  driven  through  it.  In  any  of  Hxese 
events  there  is  a  probability  of  the  workmen  being  seriously  burned. 
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PBEVENTIOK  OP  TAPPIKO-HOLB  BBEAKOXTTS. 
FSEGAUnONS  IN  PREPARINQ  AND  LOADING  THE  CliAY. 

Perhaps  the  chief  difficulty  in  stopping  the  tapping  hole  is  that 
the  clay  is  likely,  unless  the  gun  is  handled  correctly  and  the  clay 
mixed  properly,  to  fill  the  hole  straight  ahead  and  not  flatten  out 
about  the  edges  on  the  inside  hearth  walls  or  close  up  the  uneven 
places  and  eroded  channels  in  the  hole  itself,  so  that  the  stopping 
is  neither  safely  keyed  in  nor  firmly  packed  into  the  irregular  con- 
tour of  the  tapping-hole  surface.  The  clay  is  mixed  to  such  plas- 
ticity that  when  squeezed  in  the  hand  it  will  flow  between  the  fingers 
only  slowly  or  with  difficulty.  As  a  rule  a  high  grade  of  gray,  weath- 
ered, flaky  fire  clay  is  used,  because  a  red  or  yellow  clay  containing 
upward  of  5  per  cent  of  iron  oxide  may  set  too  hard,  although  in 
certain  districts  yellow  clay  is  used  without  difficulty. 

When  the  hole  does  not  take  clay  freely  it  is  the  custom  to  fill  the 
gun  barrel  about  half  full  of  clay,  then  pour  in  half  a  pail  of  water, 
or  loam  and  water,  and  force  the  clay  and  water  into  the  hole.  This 
thins  the  clay  so  that  it  fills  the  hole  tightly.  Many  plants  use  water 
in  the  gun  regularly.  In  this  case  the  larger  part  of  the  first  barrow- 
ful  of  clay,  if  two  or  more  are  used,  is  fed ;  then  about  half  a  pail  of 
water  is  poured  into  the  gun  funnel  after  the  barrel  is  well  filled 
with  clay,  and  the  load  shot  into  the  hole.  This  procedure  may  be 
repeated  a  second  and  third  time. 

Another  practice  is  to  have  a  half -inch  pipe  with  water  connec- 
tion directly  over  the  funnel  of  the  gun.  After  the  first  load  of 
clay  in  the  gun  is  pushed  in  and  the  gun  is  taking  the  clay,  water  is 
turned  in  continuously  as  the  helper  throws  the  clay  into  the  funnel. 
This  practice  makes  a  very  firm  hole  and  one  in  which  there  is  little 
probability  of  the  iron  working  back  and  leaking  through  between  the 
rlay  stopping  and  the  walls. 

There  are  two  dangers  in  adding  water  to  the  gun  charge.  First, 
if  water  is  used  too  quickly,  before  a  large  plug  of  relatively  stiff 
clay  has  accumulated  on  the  inside  in  front  of  the  opening,  the  thin, 
watery  clay  may  be  shot  into  the  hearth  and,  coming  in  contact  with 
molten  iron,  cause  an  explosion.  This  has  frequently  happened  with 
the  result  that  a  shower  of  sla^  and  flame  shot  back  through  the  hole, 
or  has,  in  one  instance,  at  least,  fatally  burned  men  engaged  in  change 
ing  tuyeres.  Second,  the  use  of  water  may  cause  a  "  green  "  hole — one 
in  which  some  part  is  not  set  thoroughly  stiff,  or  even  thoroughly 
dry,  through  w^hich  the  drill  may  break  and  let  the  iron  out  before 
the  men  are  expecting  it  and  possibly  cause  a  small  explosion  or  shot 
inside  the  hole  that  will  throw  molten  iron  into  the  air. 
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OMISSION  OF  COOLING  PLATES  ABOUT  THE  NOTCH. 

Water  cooling  about  the  iron  notch  is  not  necessary,  and  it  should 
not  be  employed.  It  has  rarely  been  found  entirely  satisfactory 
or  safe  in  consequence  of  the  inevitable,  and  occasionally  severe, 
con*osion  of  the  hole  working  back  to  the  cooling  plate.  A  dis- 
astrous explosion  is  invited  by  the  employment  of  tiiis  device.  It 
is  entirely  unnecessary,  because  careful  stopping  of  the  hole  with 
the  gun  after  every  cast  answers  the  purpose  and  is  safe* 

A  GOOD  PRACTICE  IN  STOPPING  THE  HOUS, 

In  stopping  the  hole,  a  good  practice  is  to  permit  the  nose  of 
the  gun  to  move  back  a  couple  of  inches  at  a  time  as  the  hole  be- 
comes more  nearly  filled,  in  order  to  pack  the  clay  firmly  in  that 
part  of  the  hole  nearest  the  jacket 

CI^ANINO  THE  HOLE. 

At  one  plant  the  clay  in  the  hole  is  dug  out  at  least  twice  a  week, 
or  as  much  oftener  as  required,  to  a  depth  of  18  inches,  and  the 
sides  and  bottom  are  walled  with  13^-inch  by  4^inch  by  2i-inch 
bricks.  The  hole  is  then  filled  again  with  clay.  This  is  to  prevent 
cutting  of  the  side  walls  where  jamb  pipes  are  inserted  behind  the 
jacket  near  the  hole. 

Another  practice  is  to  remove  the  clay  to  a  depth  of  18  inches 
and  pack  a  stiff  mixture  of  tar,  clay,  and  crushed  hearth-quality 
fire  brick  about  a  wooden  form  shaped  like  the  nose  of  the  gun. 
This  method  is  employed  where  a  cooling  pipe,  cast  into  the  health 
jacket,  bends  about  the  iron  notch  at  a  radius  of  12  to  18  inches 
from  the  center  line  of  the  notch. 

USE  OF  A  LONG  PLUG  OR  STOPPING. 

Most  plants  follow  the  practice  of  placing  an  unusually  long 
stopping  in  the  hole  at  the  end  of  each  shift.  This  is  for  three 
reasons:  (1)  So  that  there  will  be  no  possibility  of  danger  to  the 
oncoming  crew  from  a  short  hole,  which  may  break  out  unexpectedly ; 
(2)  to  insure  that  the  walls,  which  may  be  thinning  unperceived,  will 
build  up,  and  (3)  to  assure  a  substantial  roof  or  top  thickness  for 
the  tapping  hole.  A  commendable  requirement  followed  at  one  plant 
is  to  have  the  keeper  note  after  each  cast  the  number  of  barrows 
of  clay  used  in  stopping,  in  order  that  the  keeper  on  the  following 
turn  may  know  how  the  hole  has  been  working  and  taking  the  clay, 
and  thus  proceed  more  safely  in  opening  and  stopping  the  hole. 
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BIJOWING  ON  THE  HOLE. 

The  practice  of  blowing  on  the  hole  for  some  minutes  in  finishing 
the  cast,  is  becoming  exceptional.  It  is  admittedly  poor  practice, 
for  it  heats  the  furnace  front,  thins  the  walls,  makes  a  safe  stopping 
more  diflScult,  and  may  lead  to  breakouts.  It  is,  however,  persisted 
in  at  a  few  plants.  One  reason  is  the  rivalry  between  different  shifts, 
each  desiring  to  outdo  the  other  in  tonnage  made,  so  the  last  particle 
of  iron  that  can  be  obtained  from  the  hearth  is  removed  by  pro- 
longed blowing  at  the  tapping  hole.  Recognition  of  the  fact  that 
the  ultimate  tonnage  is  governed  both  by  conditions  at  the  blowing 
room  and  stock  house,  and  by  watchful  observance  of  the  working 
conditions  and  adjustment  of  temperature,  fluxing,  tuyeres,  and 
other  factors  to  meet  the  variations,  and  that  an  exceptionally  large 
tonnage  for  a  turn  or  a  day  means  nothing,  has  led  to  sane  treat- 
ment of  the  tapping  hole  at  most  furnaces,  and  probably  will  at  all 
plants  except  those  where  other  views  prevail. 

These  views  are  as  follows :  Some  furnace  men  still  believe  that  the 
hearth  should  be  blown  absolutely  dry,  because  any  iron  left  in  the 
hearth  will  begin  to  circulate,  cut  the  walls,  and  cause  a  breakout. 
This  condition,  so  they  believe,  is  caused  by  currents  of  air  from  the 
blast  finding  their  way  down  through  the  burden  in  some  way,  and 
starting  a  movement  of  the  iron  on  the  walls.  As  long  as  the  iron 
can  be  prevented  from  moving,  the  walls  will  not  be  cut,  and  the 
best  way  to  prevent  this  is  to  leave  no  iron  in  the  crucible.  Although 
this  view  may  be  held  lightly  by  some,  it  is  earnestly  and  seriously 
argued  by  older  furnace  men,  which  is  the  reason  for  recording  it 
here.  It  is  worthy  of  mention,  however,  that  molten  iron  will  neces- 
sarily accumulate  in  the  hearth  between  casts,  and  that  even  after 
prolonged  and  heavy  blowing  a  pool  of  liquid  iron  remains  beneath 
the  bottom  of  the  tapping  hole,  which  can  not  possibly  be  blown  out. 
Nevertheless,  their  belief  is  strong  enough  to  cause  some  furnace 
men  to  cling  to  their  long-established  practice.  Another  reason  ad- 
vanced is  that  the  furnace  is  benefited  by  cleaning  the  hearth  of 
"dead"  iron  and  cinder.  There  are  still  other  reasons  which,  for 
good  and  sufficient  causes  in  the  past,  have  established  the  prac- 
tice. To  dispute  their  validity  is  often  hazardous,  for,  in  spite  of 
the  advance  in  knowledge  of  conditions  within  the  blast  furnace, 
there  are  frequently  actions  within  the  furnace,  or  idiosyncrasies 
of  individual  furnaces,  which  are  not  comprised  in  the  chemical- 
physical  theories  of  their  working.  In  regard  to  prolonged  blow- 
ing at  the  tapping  hole,  the  disadvantages  and  dangers  arising 
from  irregular  working  of  the  furnace  and  the  tapping-hole  diffi- 
culties have  proved  of  greater  weight  than  the  benefits  derived,  and 
the  practice  is  becoming  obsolete  except  under  abnormal  working 
conditions. 
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ESPECIAL  CARE  NECESSARY  WHEN  CASTING  IS  DELATED. 

Especial  care  of  the  iron  notch  in  stopping  and  precaution  in 
working  about  the  notch  and  in  opening  it  are  essential  when  the 
cast  has  had  to  be  held  for  an  hour  or  more.  The  load  of  iron  in 
the  furnace  is  higher  and  the  interior  pressure  is  more  likely  to  blow 
the  plug  of  clay  out  or  to  cause  the  iron  to  penetrate  between  the 
clay  stopping  and  the  walls  or  to  break  out  suddenly  when  the  hole  is 
being  drilled  or  the  tapping  bar  is  being  driyen  in  or  removed.  The 
high  head  of  iron  usually  causes  such  rapid  melting  and  erosi(m  of 
the  clay  stopping  that  the  hole  quickly  becomes  double  its  ordinary 
or  proper  size  and  the  carefully  built  roof  of  the  tapping  hole  and 
interior  wall  of  the  hearth  disappear.  Similar  results  may  be  caused 
by  high  blast  pressure,  although  in  such  a  case  checking  the  fur- 
nace at  casting  time  has  a  more  retarding  effect. 

Stopping  the  hole  at  such  times  is  difficult  Cinder  is  nearly 
always  lying  in  the  hole  and  the  nose  of  the  gun  does  not  fill  the 
hole,  and  instead  of  the  clay  being  forced  into  and  beyond  the  inte- 
rior face  of  the  wall  and  packing  against  the  face  it  sometimes 
escapes  back  about  the  nose,  extends  only  partly  into  the  hole,  and 
fails  to  fill  it  completely ;  cinder  or  molten  iron  may  escape  and  come 
back  in  the  gun  as  the  plimger  is  drawn  back,  necessitating  a  delay, 
the  hole  chills  up,  and  no  more  clay  can  be  forced  in.  These  results 
may  occur  even  with  holes  of  normal  size  if  the  gun  is  not  placed 
squarely  in  the  hole,  is  not  properly  loaded,  or  if  the  operator  is 
unskilled  or  unfamiliar  with  the  method  of  operating  the  throttle 
lever.  If  a  hole  is  short  or  hard,  care  must  be  used  in  drilling  into 
it  on  the  next  cast  to  avoid  a  breakout  if  the  drill  goes  through  the 
skull  unexpectedly. 

STOPPING  THE  HOLE  WITH  THE  BLAST  ON. 

To  prevent  the  suction  of  the  plunger  and  the  interior  pressure  in 
the  furnace  displacing  the  clay  in  the  hole  and  thus  permitting  cinder 
or  iron  to  run  into  the  barrel  of  the  gun  or  burst  out  between  the  gun 
nose  and  the  sides  of  the  hole,  one  type  of  mud  gun  used  at  certain 
large  furnaces  has  a  single  slide  valve,  worked  by  a  hand  lever, 
between  the  clay  cylinder  and  the  nozzle  of  the  gun.  The  gun  is 
placed  in  the  tapping  hole  and  the  first  load  of  clay  driven  into  the 
hole.  The  slide  valve  is  then  jammed  down  and  the  plunger  drawn 
back  for  recharging  the  clay  barreL  The  barrel  being  loaded,  the 
valve  is  raised  and  a  second  load  driven  in,  this  process  being  re- 
peated until  one  to  three  barrows  of  clay  are  placed  in  the  hole. 

With  this  type  of  gun  the  blast  can  be,  and  usually  is,  with  a  nor- 
mal size  of  tapping  hole,  turned  on  immediately  after  the  first  load 
of  clay  is  put  in ;  but  with  the  usual  type  of  gun  such  action  would 
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occasionally  be  hazardous,  for  the  reason  mentioned  m  the  preced- 
ing paragraph.  It  is  therefore  ccmsidered  the  safest  practice  not  to 
turn  the  blast  on  full  until  the  hole  has  ceased  to  take  clay  freely. 
However,  it  is  desirable  to  have  some  pressure  inside  the  furnace 
in  order  to  flatten  the  clay  on  the  inside  of  the  walls  within  the 
hearth. 

A  typical  practice,  which  has  given  minimum  trouble  with  cinder 
or  flame  coming  back  and  resulte  in  satisfactory  keying  of  the  stop- 
ping clay,  is  to  drive  in  the  first  two  barrels  of  clay  with  the  blast  off. 
The  snort  valve  is  then  closed  and  the  whistle  signal  for  half  pressure 
is  blown.  The  pressure  builds  up  slowly  to  9  or  10  pounds,  while 
the  greater  part  of  the  second  barrow  of  clay  is  forced  in  against 
this  pressure,  and  the  last  two  or  three  barrel  loads  of  clay  are 
pushed  in  with  nearly  full  pressure  on  the  furnace,  the  signal  for 
full  blast  being  given  as  the  hole  is  almost  stopped. 

UEAVING  THE  GUN   IX  THE  HOLE  AFTER  CASTING. 

The  gun  should  be  left  in  the  hole  with  the  steam  on  for  several 
minutes  after  the  blast  is  fuUy  on  and  the  hole  stopped,  in  order 
that  the  plunger  shall  hold  the  clay  in  the  barrel  firmly  against  the 
plug  of  clay  in  the  hole  and  prevent  it  from  blowing  out.  The  gun 
^ould  not  be  removed  from  the  hole  until  the  clay  has  set  solid  on 
the  inside,  which  may  require  10  or  more  minutes;  20  minutes 
allows  a  minimum  factor  of  safety,  and  many  plants  require  30  to 
40  minutes. 

USE  or  SPLASHER  PLATE  OR  SHIEID. 

A  high,  broad  plate  shield  is  sometimes  provided  to  protect  the 
men  in  case  the  stopping  in  the  tapping  hole  breaks  out  violently. 
This  is  either  placed  over  the  skimmer,  where  it  may  be'  from  3  to 
10  fe^  wide  by  6  to  12  feet  high,  or  is  placed  10  to  15  feet  farther 
down  on  the  iron  runners,  on  the  skimmer  side  of  the  first  junction. 
Many  prefer  the  latter  position,  because  the  shield  when  placed 
over  the  skimmer  makes  difficult  the  use  of  pricking  rods  on  the 
tapping  hole.  The  skull  was,  of  course,  a  necessity  with  the  old 
sarid  skimmer,  but  is  retained  by  several  plants  for  its  usefulness 
in  protecting  men  from  breakouts  and  also  from  coke  blown  down 
the  cast  house  when  the  furnace  is  casting  on  a  short  hole. 

MANIPULATION  OP  GUN. 

The  correct  way  of  handling  the  gun,  or,  more  specifically,  the 
throttle  lever,  to  meet  any  conditions  at  the  tapping  hole  can  not  be 
given  in  detail.  The  experienced  keeper  or  blower  is  guided  by 
appearances  about  the  nose  of  the  gun,  such  as  escape  of  gas  or  cinder| 


as 
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the  "  give  "  of  the  cla.y  in  the  hole,  the  velocity  or  response  of  the 
plunger  when  the  steam  or  air  is  thrown  on,  the  sound  of  the  steam 
exhaust,  the  way  the  iron  has  run,  or  the  amount  of  blowing  from  the 
hole.  By  his  knowledge  of  these  and  other  obscure  factors  he  is 
guided  in  the  treatment  of  the  hole  at  each  cast,  determining  how 
much  clay  is  required,  and  whether  additions  of  water  are  necessary. 
An  experienced  keeper  or  an  alert  observant  helper  can  and  does 
handle  the  tapping  hole  so  that  accidents  from  any  type  of  breakout 


/^ 


^ 


^ 


are  rare,  whereas  new  crews  or 
careless,  unobservant,  or  unskilled 
keex)ers  are  in  continual  danger  of 
poor  holes. 

FRECAUnONS  WITH  SHORT  HOURS. 


A  hole  taking  clay  poorly,  work- 
ing short,  or  working  high  up  in- 
dicates the  necessity  of  a  very  deep 
stopping,  extreme  caution  in  drill- 
ing, and,  if  the  trouble  persists, 
inserting  over  the  tapping  hole  a 
longer  tuy&re  or  one  with  a  smaller 
nose.  At  times  building  up  about 
the  inside  face  is  aided  by  tempo- 
rarily plugging  the  tuyere  for  24 
FiGUBB  88.— <hx)s8  bars  for  holding  the  hours.  The  opening  of  the  tujere 
tapping  bar.  ^j]]  jj^  easier  if  a  bar  hole  is  pierced 

through  the  clay  to  prevent  it  from  ironing  over.  If  the  hole  is  very 
short  or  the  wall  over  the  hole  is  thin,  a  cold  blast  on  the  face  of  the 
clay  helps  to  hold  it  between  casts. 


PRECAUTIONS  IX  OPENING  THE  HOL£. 

In  drilling  up  into  the  hole  or  driving  the  tapping  bar  through 
the  skull,  the  splasher  plate  should  always  be  placed  to  hold  back  anv 
outburst  of  iron,  slag,  or  flame  and  prevent  it  from  flying  over  the 
men.  On  no  account  should  any  of  the  crew  stand  with  their  feet 
in  the  skimmer  trough  when  holding  the  tapping  bar.  It  can  be  helJ 
in  line  just  as  well  by  two  pairs  of  tongs,  one  pair  held  by  a  man  on 
each  side,  or  more  rigidly  by  a  pair  of  cross  bars.  (See  fig.  33.) 
There  is  no  need  or  excuse  for  anyone  getting  into  the  trough  near 
the  hole  in  order  to  place  the  point  of  the  tapping  bar  exactly  in 
some  particular  spot  unless  the  hole  is  hard,  and  there  is  no  need  of 
being  there  after  the  bar  is  placed.  The  blower  should  not  permit 
such  practices.    The  progress  of  the  bar  can  be  gaged  by  its  drive 
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when  the  crew  are  sledging  it  or  hy  a  chalk  mark.  Man;  plants 
have  forbidden  the  practice  of  holding  the  bar  by  hand  on  account 
of  the  need  of  the  men  being  near  the  tapping  hole,  where  they  may 
be  caught  if  the  iron  breaks  out. 

Stopping  is  made  much  safer  by  dropping  a  ^ield  in  front  of  the 
splasher  plate,  as  shown  in  figure  34.  The  use  of  this  device  is  feasi- 
tje  at  all  plants.  At  a  few  of  the  plants  where  compressed  air  is 
used  to  blow  the  clay  cuttings  out  of  the  hole,  a  plate  is  put  over  the 
skimmer  trough  and  in  froDt  of  the  Epla^er,  an  angle  iron  being 
riveted  on  the  front  edge.  This  angl«  iron  may  be  removable  for 
convenience  in  using,  if  desired,  a  small  stopping  hook  to  clean  the 
hole,  or  to  observe  its  condition.    (See  fig.  35.) 

Thid  type  of  diield,  though  in  use  at  comparatively  few  furnaces, 
has  proved  entirely  satisfactory,  whereas  the  solid  plate  has  met 
with  strenuous  objection  from  many  furnace  crews  who  feel  that  they 
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mnst  be  able  to  see  the  progress  of  the  hole.  At  many  plants  one  or 
two  sheets  of  corrugated  iron  are  laid  over  the  trough  with  their 
front  ends  resting  on  the  splasher,  a  hole  being  punched  through 
them  for  the  drill  and  tapping  bar.  This  arrangement  is  satisfactory, 
although  the  sheets  wear  out  bo  rapidly  that  the  crews  at  times  are 
inclined  to  neglect  prompt  replacing  of  a  worn-out  sheet  and  to 
opea  the  hole  without  using  any  shield.  Hence  a  shield  of  ^-inch 
or  }-inch  steel  plate  is  preferable. 

Shields  should  always  be  used  with  air  and  electric  drills.  When 
a  drill  or  bit  strikes  the  iron  skull  at  the  bottmn  of  the  hole  the  motor 
nsaiUy  pings  itself  or  works  so  jerkily  that  an  experienced  crew 
knows  the  skuil  is  reached,  btops  drilling  immediately,  and  uses  a  tap- 
ping bar  to  drive  through  the  skull.  Nevertheless,  occasionally  the 
drill  may  bite  through  the  slnill,  bringing  the  irtm  out  with  a  rush. 
The  latest  method  of  safely  caning  the  tapping  hole  is  with  a  steam 
or  air  percussion  drill,  and  was  developed  by  the  Republic  Iron  & 


do 
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Steel  Co.  in  the  spring  of  1915.  Mechanical  drilling  is  prefer- 
able to  hand  drilling  because  a  smaller  hole  may  be  drilled  in  the  clay. 
This  limits  cutting  of  the  hole  by  slag  considerably.  A  2|-inch  hole 
is  large  enough  for  a  mechanical  drill. 

DEPTH  AND  ANGLE  OF  TAPPING  HOLE. 

A  final  factor  in  the  care  of  the  tapping  hole  having  a  bearing  upon 
hearth  breakouts  is  the  depth  or  angle  of  the  hole.  Infrequently  the 
tapping  hole  has  an  angle  of  45^  after  the  rate  of  driving  and  ca- 
pacity of  the  furnace  have  bec(Hne  normal.  As  has  been  mentioned, 
the  depth  of  the  hearth  is  variable,  depending  cm  the  height  of  the 
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bottom  of  the  tapping  hole,  and  it  may  be  assumed  that  with  the 
best  constructed  hearth  brickwork  the  bottom  of  the  hearth  will  be  3 
to  6  feet  below  the  bottom  of  the  hole,  the  exact  position  of  the  hearth 
bottom  being  uncertain.  On  a  16-foot  hearth,  therefore,  the  tapping 
hole  may  with  safety  have  a  depth  of,  say,  2  feet  3  inches  on  a  hearth 
jacket  4  feet  6  inches  deep,  but  th^  same  angle  of  tapping  hole  with 
a  hearth  jacket  3  feet  deep,  both  jackets  being  water  cooled  to  the 
bottom,  would  be  hazardous.  (See  fig.  36.)  The  liability  of  a 
hearth  breakout  would  certainly  be  greater  in  A  than  in  B.  There- 
fore the  apparent  advantages  of  a  deep  tapping  hole  in  keeping  the 
level  of  the  iron  in  the  hearth  farther  fnwi  the  water-cooled  cinder 
notch  and  hearth  plates,  giving  cleaner  casts  and  greater  capadty, 
may  conceivably  give  rise  to  an  unperceived  danger  of  Inreakouts. 
This  danger  should  be  kept  in  mind  in  ^ideavoring  to  g^  a  produc- 
tion extremely  large  in  proportion  to  the  hearth  area  and  depth 
and  be  given  the  same  regard  as  the  maintenance  of  the  tapping  hde 
at  the  proper  angle  with  reference  to  the  depth  of  the  heartih  jacket 
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CI2n>S&-N0TCH  BSEAXOUra 

The  cinder  notch,  as  it  is  used  to  ^^  flush ''  or  drain  the  slag  from 
the  hearth  previous  to  casting,  being  subject  to  erosion  and  attack  of 
slag  during  12  to  18  ^^  flushes  "  a  day,  would  last  but  a  short  time  if 
it  were  simply  built  up  and  stopped  with  day  without  the  blast 
being  taken  off.  In  fact,  a  clay  notch  could  not  be  used  unless 
stopped  in  exactly  the  same  way  as  the  iron  notch,  and  this  would 
mean  turning  off  the  blast  a  prohibitive  number  of  times.  Conse- 
quently, in  the  cinder-notch  arch  or  opening  is  placed  a  bronze  cooler, 
similar  to  a  tuyere  cooler ;  within  this  bronze  cooler  and  extending 
inside  6  to  12  inches  is  an  intermediate  cooler,  and  inside  the  interme- 
diate cooler  is  the  "monkey,"  also  water-cooled,  which  projects  in 
about  3  inches.  The  monkey  has  an  opening  2  to  2^  inches  in  diame- 
ter, and  is  stopped  by  an  iron  "  hot "  or  plug  which  chilb  the  cinder 
in^de  the  face  of  the  mon- 


key. The  only  danger  of 
breakouts  about  the  cinder 
cooler  is  escape  of  (nnder 
between  the  large  cooler 
and  the  brick  walls,  a  rush 
of  cinder  when  the  inter- 
mediate cooler  is  changed, 
outbursts  of  slag  and  flame 
when  the  monkey  is 
changed,  or  an  explosion 
of  the  intermediate  and  the 
large  cooler.  If  iron  comes 
over  the  monkey  by  acci- 
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depth  of  hearth  jacket  and  slope  of  tapping  hole 
as  regards  safety. 


dent,  it  may  cut  the  bronze  and  come  in  contact  with  the  water  in- 
side, when  all  three  coolers  may  be  blown  out  of  the  furnace,  and  an 
outrudi  of  furnace  contents  follow. 

PACKING  FOR  CINDER-NOTCH  COOLERS. 


Breakouts  about  the  cinder-notch  cooler  are  minimized  by  pains- 
taking care  in  setting  and  packing  the  cooler,  which  usually  should 
be  done  after  the  kindling  and  scaffold  have  been  placed  in  the  hearth 
and  bosh,  and  before  the  furnace  is  filled  preparatory  to  blowing  in. 

The  packing  most  generally  used,  and  the  firmest,  is  rope  asbestos 
saturated  with  water,  rammed  in  tightly  all  around  from  front  and 
back  with  light  blows  of  a  sledge.  Clay  is  usually  plastered  on  the 
face  of  the  brick  before  the  cooler  is  inserted,  and  the  asbestos  rope  is 
used  to  make  a  tight  fit 
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BREAKOUT  FROM  DEFECTIVE  PACKING. 

A  serious  breakout  of  this  type  happened  at  a  furnace  where  the 
foreman  packed  the  cooler  in  the  brick  arch  with  loam  only.  The 
cinder  broke  out  beneath  the  cooler,  cut  a  large  hole  in  the  hearth 
brickword,  and  ran  over  the  cast-house  floor  and  yard.  No  one  was 
injured.  The  hole  was  filled  with  stiff  clay  and  brickbats  and  the 
new  cooler  was  packed  with  clay,  tightly  rammed  in.  No  further 
trouble  was  encountered. 

BREAKOUTS  FROM  CUTIING  OF  THE  INTERMEDIATE  COOLER. 

Breakouts  from  cutting  of  the  intermediate  cooler  are  rare.  The 
few  known  accidents  of  this  type  were  caused  by  iron  coming  over  on 
a  flush  or  cutting  the  intermediate  cooler  from  inside,  which  al- 
lowed the  entire  cooler  to  melt  out  and  permitted  the  escape  of  cinder 
in  uncontrollable  quantity. 

An  instance  of  the  intermediate  cooler  burning  on  the  second  flush 
through  the  monkey  being  cut  illustrates  a  danger.  Instead  of 
waiting  until  casting  time,  45  minutes  later,  or  casting  early,  as 
could  have  been  done  if  cinder  showed  at  the  tuyeres,  an  attempt 
was  made  to  change  the  intermediate  bronze  at  once,  the  water  being 
turned  off  and  the  cinder  allowed  to  drain  out.  Owing  to  the  small 
opening  in  the  nose  of  the  intermediate  cooler  the  clay  could  not  be 
placed  effectively,  and  when  a  ^^  puller ''  was  set  and  the  intermediate 
cooler  jarred  loose,  slag  burst  out  and  severely  burned  the  legs  of  a 
"  cinder  snapper."  This  happened  in  spite  of  the  fact  that  the  fur- 
nace had  evidently  been  flushed  dry,  and  shows  how  a  furnace  may 
hold  its  cinder. 

Intermediate  coolers  should  not  be  changed  until  after  tiie  fur- 
nace has  been  cast,  unless  they  are  cut  on  the  first  flush,  and  even 
then,  depending  on  the  hearth  capacity,  tonnage,  slag  volume,  and 
working  conditions,  changing  can  be  safely  and  profitably  postponed 
to  casting  time. 

BREAKOUTS  FROM  CHANGING  THE  MONKBT  WITH  THE  BLAST  OK. 

Breakouts  at  the  monkey  are  caused  by  trying  to  change  a  leaking 
monkey  with  the  blast  on.  The  change  can  frequently  be  made  with 
impunity,  but  will  almost  inevitably  lead  to  a  serious  accident  sooner 
or  later.  Sometimes  the  skull  of  cinder  which  freezes  on  the  face  and 
sides  of  the  monkey  is  stiff  and  thick  enough  to  withstand  the  interior 
pressure,  but  it  can  not  be  relied  on,  however.  In  numerous  instances 
where  the  monkey  has  been  withdrawn  with  the  blast  on,  the  iA:ull 
of  cinder  held  for  an  instant,  then  bulged  out,  burst,  and  a  stream 
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of  gas,  slag,  and  coke  sported  from  the  nose  of  the  intermediate 
cooler  over  the  men  working  in  front.    The  monkey  should  not  be 

changed  unless  the  blast  is  com-        .  , .  ... 

,  .  f      -  Large  •nd  mtcnntditto 

pletely  off.  toote- f aed  «nd  dJadiuge 

PACXINa  THS  IIfTEBlCn>IATE  AND 
LABGB  COCIL&RS  TO  FBBVENT 
CUTTINO. 


Hook«y  cooler  feed  and  diichais* 


To  prevent  the  intermediate 
and  large  coolers  from  being  cut, 
da;  is  packed  within  the  ^>ace 
in^de  them  up  to  the  monkey. 
The  bot  is  withdrawn  and  the 
clay  packed  about  a  wooden  form. 
This  wcH-k  may  be  performed 
without  danger  of  a  breakout,  as 
the  are*  of  the  skuU  face  in  front 
of  the  bot  is  only  $4  to  5  square 
iudies,  whereas  when  the  monkey 
IB  withdrawn  the  unsupported 
area  may  be  40  or  more  square 
inches. 

ARBANGEUENT  OF  COOLING  8T8TEM. 

The  cooler  system  is  held  in  the 
furnace  by  clamps,  of  which  tJiree 
types  are  shown  in  figure  37.  Of 
^ese  three,  type  C  is  least  desir- 
abte.  The  feed  and  discharge  ' 
pip«8,  in  addition  to  having  cocks 
near  the  cooler  arch,  ^ould,  rather  than  rising  directly  up  to  the 
supply  pipe  and  trough,  lead  around  the  furnace  at. least  one-third, 
or,  better,  one-half,  of  the  circumference  before  being  taken  up,  so 
that  in  event  of  cutting,  burning,  or  a  breakout  at  the  cinder  notch, 
the  monkey  boss  can  turn  the  water  off,  to  avoid  an  explosion,  with- 
out exposing  himself  to  danger  from  escaping  cinder,  flame,  or  fly- 
ing inm. 


.te,  and  mouk«r  disc  barge  pipes. 


PAKT  n.— GAS  EXPLOSIONS  AT  BLAST  FURNACES- 

PTTKPOSE  OF  DTVESTIOATIOir. 

Explosions  of  gas  at  blast-furnace  plants  were  in  former  years 
rather  common  and  often  disastrous  to  employees  and  to  the  equip- 
ment Studies  by  the  Bureau  of  Mines  of  the  hazards  in  the  metal- 
lurgical industries  indicate  that  such  explosions  in  themselves  now 
constitute  only  an  infrequent  and  inconsiderable  hazard  to  em- 
ployees. If  explosions  be  considered  with  regard  to  damage  to  plant 
equipment,  however,  they  assume  decided  significance.  Oas  ex- 
plosions resulting  disastrously  are  few,  con^dering  the  number  of 
furnaces  in  blast,  but  they  do  occur  persistently. 

A  review  of  blast-furnace  accidents  during  the  past  few  years 
shows  that  the  number  of  explosions  is  considerable.  Few  furnace 
men  like  to  talk  about  them  and  there  is  virtually  no  mention  or 
discussion  of  them  in  trade  journals,  possibly  because  there  seems 
to  be  &  feeling  that  such  an  ad:;ident  reflects  on  the  care  and  judg- 
ment of  the  men  in  charge.  This  view  is  warranted  in  scmie  in- 
stances, but  is  wide  of  the  mark  in  others.  Attempts  to  cont»*ast  the 
proportion  of  explosions  due  to  defective  methods  of  handling  gas 
with  the  proportion  that  is  largely  fortuitous  are  useless.  It  can 
be  said  that  the  number  due  to  carelessness  of  the  msa  in  charge 
is  extremely  small,  for  probably  nothing  in  the  routine  of  furnace 
operation  puts  a  man  under  a  greater  strain  than  his  dread  of  a  gas 
explosion  when  confronted  with  an  unforeseen  stop  or  the  necessity 
of  blowing  in  or  blowing  out.  No  matter  how  reliable  the  foreman 
or  assistant  may  be,  the  superintendent  is  always  present,  if  pos- 
sible, when  such  jobs  must  be  done,  and  the  reqwnsibility  he  must 
bear  is  always  sufficient  to  insure  his  taking  the  greatest  care.  The 
uncertainty  and  unsatisfactoriness  of  attempts  to  atate  that  a  certain 
number  of  gas  explosions  are  caused  by  unskillful  handling  of  the 
gas  lies  in  the  fact  that  practically  every  furnace  man  has  a  par- 
ticular way  of  handling  the  gas,  each  method  differing  radically  or 
in  some  small  detail  from  the  others.  These  methods  rest  on  per- 
sonal experience  and  training  and  the  exigencies  of  plant  layout,  or 
have  been  handed  down  from  man  to  man;  some  of  these  methods 
provide  sufficient  safety  in  most  cases,  but  have  failed  to  provide 
for  it  when  some  abnormal  factor  was  introduced.  To  illustrate: 
94 
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Few  famace  men  will  state  that  they  can  not  handle  furnace  gas 
with  practical  immunity  from  explosions,  yet  few  furnace  men 
with  an  ex})erience  of  10  or  more  years  have  not  had  experience  with 
a  more  or  less  serious  explosion. 

In  undertaking  to  summarize  and  furnish  useful  information  on 
the  subject  of  explosions  to  those  working  about  blast  furnaces,  it 
is  believed  that  an  investigation  into  the  properties  of  blast-furnace 
gas,  its  ignition  temperatures,  the  explosion  limits  of  mixtures  of 
gas  and  air,  and  the  agencies  accelerating  and  retarding  explosions 
would  be  of  less  practical  value  than  pointing  out  where  the  explo- 
sions occur,  how  they  are  caused  and  may  be  prevented,  and  giving 
a  review  of  those  methods  of  handling  gas  that  promise  greatest 
security.  Although  much  work  may  be  done  on  the  explosive  char- 
acteristics of  blast-furnace  gas,  yet,  even  with  the  resulting  informa- 
tion in  hand,  furnace  men  will  be  confronted  from  time  to  time  with 
conditions  necessitating  possibly  dangerous  operations.  At  such 
emergencies  a  knowledge  of  the  limits  of  explosibility  would  only 
serve  to  emphasize  the  danger,  which  is  sufficiently  well  known,  and 
would  be  of  little  practical  use.  On  the  other  hand,  the  recognition 
and  discussion  of  certain  practices  as  being  inherently  hazardous 
not  only  separates  them  from  careless  or  reckless  methods  or  prac- 
tices but  places  them  definitely  in  the  category  of  operations  occa- 
sionally necessary  but  essentially  dangerous.  By  recognizing  them 
as  such  the  incident  difficulties  can  be  met  much  more  satisfactorily 
than  by  discussing  certain  conditions  and  dismissing  them  with  the 
statement  that  under  such  circumstances  gas  may  explode,  and  that 
therefore  these  circumstances  are  to  be  avoided.  At  times  some 
circumstances  can  not  be  avoided,  so  the  problem  becomes  one  of  so 
handling  the  gas  that  the  least  hazard  is  introduced. 

For  the  above  reasons  it  has  seemed  best  to  place  emphasis  on 
methods  of  practice,  and  that  plan  is  followed  in  this  report,  with 
the  exception  of  the  following  discussion  of  the  theory  of  explosions. 

THEOKT  OF  GAS  EZFLOSIOirS. 

Blast-furnace  gas,  which  rarely  contains  more  than  30  per  cent 
of  combustible  gases,  can  not  be  classed  as  a  dangerously  explosive 
gas;  and  when  the  furnace  is  in  normal  operation  the  gas  is  easy 
to  handle  and  the  hazard  from  an  explosion  remote.  In  case  the 
furnace  has  to  be  stopped  for  any  reason,  an  explosion  at  some  part 
of  the  equipment,  either  in  taking  the  furnace  off  while  the  blast  is 
off  or  in  starting  up  again,  is  always  possible  if  air  gets  into  the  fur- 
nace top  or  the  gas  mains.  As  a  rule,  such  explosions,  if  they  occur, 
are  confined  largely  to  small  "  top  shots,"  "  gas  kicks,"  "  puffs,"  or 
"cracks,"   and   are  usually  harmless,   although  some  are  violent 
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enough  to  lift  gas-main  exploaon  doors,  knock  burners  off  their 
stands,  split  dust  catchers,  and  blow  off  the  downcomers. 

Blast-furnace  gas  varies  in  composition,  but  for  the  purpose  in 
hand,  may  be  assumed  to  contain  13  per  cent  carbon  dioxide,  M  per 
cent  carbon  monoxide,  3.5  per  cent  hydrogen,  and  59.5  per  cent  ni- 
trogen. The  reactions  of  the  hydrogen  and  the  carbon  monoxide  in 
an  explosion  are  as  follows : 

2CO-fO,=2CO,. 

2  H.+o,=2  ao. 

Dixon,  an  English  chemist,  stated  in  1880  that  a  mixture  of  carbon 
monoxide  and  oxygen  will  not  explode  or  even  burn  unless  a  trace  of 
moisture  or  of  some  gas  containing  hydrogen  is  present,  the  acceler- 
ating effect  from  moisture  being  at  a  maximum  when  the  gas  has 
a  temperature  of  45°  C.  and  is  saturated  with  moisture.  Materials 
such  as  heated  fire-clay  surfaces,  nickel,  copper,  and  oxides  of  these 
and  other  metals  also  accelerate  combustion  or  explosion.  Carbon 
monoxide  in  air  ignites  at  644°  to  658°  C,  but  in  contact  with  a  hot 
iSre-clay  surface  it  will  ignite  at  500°  C,  or  with  copper  oxide,  at 
300°  C.  This  lowering  of  the  ignition  temperature  is  caused  by 
"  catalysis  "  or  contact  action,  which  is  the  increased  activity  of  the 
gases  from  being  absorbed  and  concentrated  on  the  clay  or  metal 
surface.  The  catalytic  power  of  all  these  materials  is  highly  stimu- 
lated by  long  previous  exposure  to  the  combustible  gas,  and  this  in- 
crease of  power  is  usually  very  lasting.  It  is  probable  that  in  the 
handling  of  furnace  gas  the  heated  walls,  partly  reduced  oxides, 
deposited  carbon,  and  other  materials  possessing  catalytic  properties, 
are  important  factors  in  causing  combustion  at  low  temperatures  and 
thus  starting  explosions. 

The  ignition  of  a  mixture  of  furnace  gas  and  air  does  not  neces- 
sarily result  in  an  explosion.  The  velocity  of  propagation  of  a 
carbon  monoxide  flame  is  relatively  slow  compared  to  that  of  hydro- 
carbon gases,  and,  as  in  gas  mains  or  furnace  tops,  there  is  rarely 
a  perfect  mixture,  such  as  is  found  in  gas-engine  cylinders,  the 
maximum  theoretical  generation  of  explosive  power  is  probably 
seldom  reached. 

The  mechanism  of  an  explosion  must  be  followed  to  understand 
the  results  observed  when  a  mixture  of  gas  and  air  is  ignited.  An 
explosion  of  gas  and  air  ccoisists  of  an  '^  initial  combustion,"  a  ^  de- 
tonation," and  a  ^'  retonation."  To  have  these  take  place  the  ex- 
plosion must  occur  within  a  closed  vessel  or  cylinder  such  as 
a  gas  main.  When  an  explosive  mixture  of  air  and  a  combustible 
gas  is  ignited  it  bums  outward  from  the  point  of  ignition  and  a 
compression  wave  starts,  which  travels  ahead  of  the  flame  and  more 
rapidly,  with  the  velocity  of  sound,  through  the  unburned  gas.    This 
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compression  ware  upon  reaching  a  barrier  is  reflected  back  in  the 
direction  from  which  it  came,  and  on  meeting  the  advancing  flame, 
retards  the  latter.  The  reflected  compression  wave,  however,  con- 
tinues to  pass  through  the  hot  and  probably  still  buming  gases  and  an 
instant  later  reaches  the  flame  traveling  in  a  direction  opposite  to  that 
of  the  other  flame,  accelerates  it,  and  quickens  the  combustion.  This 
flame  continues  to  move  forward  with  rapidly  accelerating  velocity 
until  detonation  is  set  up.  Detonation  is  abrupt,  and  the  xxcdoa  of 
the  oxygen  of  the  air  with  the  combustible  gas  proceeds  in  the  form 
of  an  explosion  wave  that  generates  an  enormous  force  as  it  ad- 
Tances  with  great  rapidity  through  ihe  gaseous  mixture.  When  de- 
tonation is  taking  place,  the  explosion  wave  is  transmitted  through 
the  explosive  mixture  by  each  successive  layer  of  the  mixture,  being 
instantaneously  heated  to  the  ignition  point  by  the  compression  re- 
suUii^  from  the  accelerated  velocity  and  the  augmented  tempera- 
ture of  the  buming  gas,  both  being  induced  by  the  compression 
wave. 

At  the  p<Mnt  where  detonation  begins  a  ^^  retonation  wave "  starts 
back  through  the  still  buming  gas.  Combustion  is  much  slower 
than  detonation,  so  tiiat  at  the  moment  detonaticm  starts  combustion 
is  still  taking  place  in.  layers  of  gas  some  distance  behind  the  flame 
front.  The  "  retonation  wave,"  in  passing  back  through  these  burn- 
ing gases,  quickens  their  combustion,  and  when  it  arrives  at  the  other 
flame  front  causes  detonation  there,  provided  that  ignition  has  taken 
place  at  such  a  distance  from  the  barrier  that  the  flame  front  reaches 
it  just  as  the  **  retonation  "  wave  arrives.  This  setting  up  of  reflected 
waves  through  "  retonation  "  explains  much  of  the  shattering  effect 
sometimes  observed  after  a  severe  explosion  of  blast-furnace  gas. 

This  process  of  initial  combustion,  detonation,  and  retonation 
takes  place  in  an  increditably  short  space  of  time.  As  compared 
with  ordinary  combustion,  its  characteristics  are  extreme  rapidity  of 
chemical  action,  abrupt  attainment  of  maximum  temperature  and 
pressure,  and  subsequent  rapid,  almost  instantaneous,  cooling  of  the 
gaseous  products  of  explosion.  The  velocity  of  an  explosion  wave, 
hence  the  violence  of  a  detonation,  is  independent  of  the  shape  of 
the  inclosing  walls,  whether  straight,  circular,  or  zigzag,  but  is 
retarded  by  an  inert  gas.  If  hydrogen  is  added  to  an  explosive 
mixture  of  carbon  monoxide,  its  effect  will  be  to  increase  the  velocity 
of  the  explosion  wave,  as  is  illustrated  by  the  propensity  of  furnace 
gas,  ridi  in  hydrogen,  to  ^^kick."  Nitrogen,  carbon  dioxide,  and 
oxygen  retard  the  velocity.  The  velocity  and  violence  of  the  explo- 
sion are  greatest  when  the  combustible  gases,  such  as  the  carbon 
monoxide  and  hydrogen  of  blast-furnace  gas,  are  present  in  slight 
excess  of  the  amount  theoretically  required  for  complete  combustion. 
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FBESSUBE  FBOBTrCED  BY  SXPI.OSION. 

The  pressure  produced  by  a  gaseous  explosion  can  be  calculated. 
For  instance,  the  calculated  pressure  of  a  blast-furnace  gas  analyz- 
ing 12  per  cent  CO2,  26  per  cent  CO,  8  per  cent  H,,  and  59  per  cent 
N2,  exploded  in  a  closed  vessel  with  the  amount  of  air  theoreticallT 
required  for  ccmiplete  combustion,  is  76  pounds  gage.  The  pressure 
is  generated  entirely  by  the  volume  increase  due  to  the  high  tem- 
perature of  combustion,  not  by  any  increase  in  volume  as  the  result 
of  the  reaction.  Two  volumes  of  carbon  monoxide  or  hydn^n 
combined  with  one  volume  of  oxygen  give  two  volumes,  not  three 
or  mote.  One  cubic  foot  of  the  gas  mentioned  above  burned  with 
0.7  cubic  foot  of  air  forms  only  1.55  cubic  feet  of  gaseous  products, 
the  explosion  or  combustion  starting  and  ending  at  60^  F.  and  at 
atmospheric  pressure.  However,  if  the  thermal  capacity  of  tiie  gas 
is  divided  by  the  specific  heat  of  the  gas  the  aj^arent  theoretical 
temperature  is  2972°  F.  At  this  temperature  1.55  cubic  feet  of  prod- 
ucts at  constant  volume  would  give  a  theoretical  pressure  of  76 
pounds  gage.  Experimental  explosions  of  a  gas  similar  to  the 
above  have  given  gage  pressures  of  18  to  48  pounds;  the  larger  the 
inclosing  vessel  the  higher  the  observed  pressure  mounted.  In  a 
general  way  the  maximum  pressures  observed  in  closed  vessels  are 
always  less  than  the  theoretical  calculated  values.  This  is  because  of 
the  variation  in  specific  heat  with  the  temperature,  not  allowed  for 
in  the  calculation,  and  because  the  calculation  assumes  t^at  the  whole 
heat  of  combustion  is  communicated  without  loss  to  the  products, 
which  is  not  true.  It  is  safe  to  say  that  the  maximum  calculated 
pressures  are  rarely  or  never  attained  in  explosions  of  blast-furnace 
gas  in  mains,  just  as  in  experimental  observations,  and  chiefly  for  the 
same  reasons: 

EXPLOSIVE  LXlOtlTS  OF  BLAST-PirBKACE  GAS. 

The  results  of  an  examination  of  the  explosive  limits  of  two  sam- 
ples of  blast<furnace  gas  taken  from  the  furnaces  of  the  Am^can 
Steel  &  Wire  Co.,  at  Pittsburgh,  Pa.,  made  by  G.  A.  Burrell  and 
A.  W.  Ganger,  of  the  Bureau  of  Mines,  are  given  below.  These 
results  do  not  cover  a  wide  enough  range  of  composition  to  be  in- 
clusive of  all  gases  encountered  with  various  practice,  but  are  of 
interest  in  connection  with  the  subject  under  discussion. 

C<nnpo8Uion  of  gas  used  in  testa. 

Constituent.                                    Sample  1.  Sample  2.  ATerage. 

COt percent—    9.97  10.01  9.99 

O. do .49  .49  .49 

H, do 2.67  2.66  2.67 

CO do 27. 57  27. 42  27. 50 

CBU do .89  .29  .84 

N« do- 60.01              t 


1 


I 
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The  explosion  apparatus  consisted  of  glass  vessels,  approximately 
SJ  inches  long  and  of  900  c  c.  capacity.  Ignition  was  made  at  the 
center  with  an  arc  formed  by  breaking  the  contact  of  the  electrodes 
while  current  was  passing  through  them.  The  results  of  explosion 
tests  with  various  percentages  of  gas  in  the  mixture  were  as  follows : 

ResulU  of  explosion  tests. 

Gas  in 

mixture.  Notes  by  observer, 

per  ceat. 

20.0  No  ignition. 

30.0  No   ignition.    Small  yellow   flame  played   iintennit- 

tently  about  arc. 
39.2  No  ignition.     Large  flame  about  arc,  about  i  inch 

high  at  first 

44. 8  Slight  puff  heard  when  arc  was  first  drawn.    A  Hnch 

flame  played  about  arc.  No  self-propagation 
through  mixture. 

44.9  A  small  tongue  of  flame  started  at  the  arc  (which 

broke  immediately)  and  rose  upward  through  the 
mixture.  Flame  did  not  fill  bottle  and  combustion 
was  incomplete. 

45.7  Ignited  immediately;  flame  shot  don^-nward  about  1 

inch  and  then  rolled  upward  in  a  ring.  No  other 
downward  propagation  noted. 

46w  5  Ignited  immediately  and  blew  waxed  paper  off  top  of 

vessel. 

50.0  Immediate  ignition.     Flame   traveled   upwards,    and 

more  slowly  downwards  in  rings. 

56.2  Ignited  immediately  and  blew  paper  off  top  of  vessel. 

57. 0  Do. 

ei.  0  Do. 

62.0  Ignited  immediately;  flame  filled  bottle. 

64.5  Did  not  Ignite  at  first,  but  on  drawing  a  wider  arc 

the  mixture  Ignited  and  blew  off  paper  cover.  Igni- 
tion was  probably  due  to  the  mixture  becoming 
...diluted  with  air. 

65.0  Slight  inflammation  about  arc;  snapping  sound.    No 

self-propagation. 

6a  0  No  Ignition. 

67.9  Do. 

72.0  Do. 

The  amount  of  air  theoretically  required  for  comhustion  in  the 
first  sample  was  0.723  cubic  foot  per  cubic  foot  of  gas,  and  in  the 
second  sample  it  was  0.711  cubic  foot  per  cubic  foot  of  gas.  These 
results  being  in  close  agreement,  the  average,  0.72  cubic  foot  of  air  per 
cubic  foot  of  gas,  may  be  taken  as  the  theoretical  amount  of  air  re- 
quired for  complete  combustion.  This  corresponds  to  a  mixture  of 
gas  and  air  containing  58.1  per  cent  gas  and  41.9  per  cent  air  as  being 
an  ideal  mixture  for  complete  combustion. 

These  results  show  that  the  limits  for  complete  inflammation  of 
this  gas  lie  between  46  and  62  per  cent  of  gas  or  between  54  and  88 
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per  cent  of  air  in  a  gas-air  mixture.  The  lower  limit  of  explosi- 
bility  is  farther  from  the  proportion  theoretically  required  for  com- 
plete combustion  than  is  the  high  explosive  limit,  as  shown  below: 

High  limit  (excess  gas),  62  per  cent  gas,  38  per  cent  air. 

Theoretical  proportions  for  complete  combustion,  58  per  cent  gas, 
42  per  cent  air. 

Low  limit  (excess  air),  46  per  cent  gas,  54  per  cent  air. 

This  difference  is  of  little  significance  as  regards  the  possibilities 
of  gas  explosions  about  furnace  plants,  except  that  in  the  event  of 
air  entering  a  main  and  mixing  with  gas  until  the  lower  exploave 
limit,  38  per  cent  air,  is  reached,  the  possibility  of  explosion  is  not 
passed  until  a  large  excess  of  air  has  entered,  the  explosive  range 
being  4  per  cent  less  and  12  per  cent  more  than  the  theoretical 
amount  required  for  conditions  most  favorable  for  an  explosion. 

EZPLOSIOirS  AT  HOT-BLAST  STOVES. 

That  it  is  not  always  easy  to  burn  blast-furnace  gas  instantly— 
that  is,  explosively — ^is  demonstrated  daily  at  blast-furnace  stoves. 
The  gas  does  not  burn  instantly  but  rather  intermittently.  As  the 
air  and  gas  mingle  at  the  nose  of  the  gas  burner  complete  com- 
bustion does  not  take  place  immediately,  even  with  approximately 
thorough  mixing,  as  is  shown  by  the  length  of  the  flame,  the  con- 
stant effort  being  to  get  a  short  flame.  That  it  is  possible  to  ap- 
proach explosive  conditions  and  set  up  ^^retonation  waves"  was 
demonstrated  in  1913  at  a  plant  in  the  Pittsburgh  district,  where 
a  set  of  patented  mixing  burnfewMSere  installed  at  a  set  of  stoves 
using  cleaned  gas.  From  the  minufe^  tlie  furnace  was  blown  in 
and  the  gas  turned  into  the  stoves  a  deafening  vibrating  roar  set 
up,  and  the  burners  had  to  be  removed  within  24  hours.  A  simi- 
lar noise  has  been  noted  in  carrying  out  explosion  tests  of  blast- 
furnace gas  in  a  6-inch  tube  21  feet  long.  When  the  gas  inside 
the  pipe  was  ignited  the  pipe  vibrated  and  gave  out  a  sound  simi- 
lar to  that  noted  at  the  burners  mentioned,  though  not  as  loud. 

But  as  a  rule,  if  the  gas  ignites  promptly  at  the  burnenth^^ 
is  no  explosive  tendency.    The  nearest  approach  to  explosive  W 
bustion  after  the  gas  is  lighted  is  seen  when  an  excess  of  gas^ 
turiked  in  the  stove,  and  for  some  reason — for  instance,  to  see  ho\^ 
the  gas  is  burning — ^the  stove  tender  opens  an  air  or  cleaning  door.1 
Under  these  circumstances  the  burning  gas  sometimes  puffs  from  tho 
door  of  the  well,  a  hazard  of  stove  tending  that  at  times  results 
in  painful  if  not  serious  burns.. 

A  similar  condition  is  encountered  when  the  stove  checkers  are 
more  or  less  plugged  up,  or  the  stack  draft  is  insufficient,  and  at 
times  when  cold  washed  gas  is  burning  in  a  cold  welL    In  the  latter 
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case,  the  presence  of  excess  air  causes  the  flame  to  be  extinguished 
at  the  base  of  the  stove  well,  a  mixture  of  air  and  gas  fills  the 
well,  ignites  at  the  checkers,  and  travels  down  in  the  well  with 
almost  explosive  violence,  and  bursts  out  of  the  air-inlet  doors. 
At  such  times  it  is  not  safe  to  go  within  8  or  10  feet  of  the  doors. 
The  only  practical  precaution  against  these  conditions  is  to  so 
adjust  the  gas  and  air  on  turning  the  gas  on  that  as  long  a  flame 
as  possible  is  produced,  and  then  slightly  to  reduce  the  length  of 
the  flame  by  admitting  a  slight  excess  of  air.  This  is,  of  course, 
the  method  of  experienced  stove  tenders,  and  the  close  regulation  of 
the  air  is  often  a  source  of  surprise  to  those  undertaking  to  in- 
crease the  efficiency  of  stoves  by  analyses  of  the  stack  gases.  Short- 
ening the  flame  may  also  be  produced  by  a  deficiency  of  air,  but 
this  error  will,  of  course,  result  in  the  liability  of  an  outrush  of 
flame  from  the  welL 

More  nearly  allied  to  true  explosions  is  the  hazard  of  permitting 
gas  and  air  to  pass  into  a  stove,  when  it  is  put  on  gas,  without  its 
lighting  immediately.  When  a  stove  well  is  hot,  the  gas  should 
ignite  almost  instantly,  and  it  usually  does,  with  perhaps  a  slight 
puff.  However,  gas  turned  in  a  cold  stove,  or  into  a  run-down  stove, 
in  which  the  well  is  cold  and  the  checkers  hot,  does  not  ignite  quickly. 
In  the  latter  case  the  gas  and  air  may  fill  the  combu^ion  chamber, 
ignite  at  the  top,  and  then  flash  down  into  the  well  and  '^  kick ''  out 
about  the  burner  with  explosive  violence,  throwing  hot  dust  and 
flame  in  the  face  of  the  stove  tender  should  he  be  standing  about  the 
burner  watching  for  the  gas  to  ignite  or  about  to  pull  the  gas  burner 
back.  In  the  case  of  a  cold  stove,  the  danger  lies  in  a  stove  tender 
allowing  the  stove  to  fill  with  gas  and  air  before  lighting  the  gas  at 
the  burner.  In  such  event  the  same  "  kick  "  of  burning  gas  is  to  be 
expected.  Such  practice  is  especially  dangerous  when  gas  from  a 
furnace  that  has  been  shut  down  from  a  leaking  tuyere  or  other  leaky 
bronze  is  turned  into  a  stove,  or  when  gas  from  a  newly  blown-in 
furnace  is  being  turned  into  the  stoves.  Several  years  ago  a  stove 
was  entirely  destroyed  by  an  explosion  caused  by  lighting  the  gas 
after  the  stove  was  full,  and  the  stove  tender  was  killed.  There 
have  been  several  injuries  from  this  cause,  and  the  precaution  of 
having  a  good  fire  in  the  well  or  at  the  burner  door  is  especially 
called  for  in  turning  "  wild  "  gas  into  stoves.  In  fact,  the  elementary 
and  only  practical  precaution  to  obviate  all  such  explosions  lies  in 
providing  a  fire  of  burning  waste,  wood,  coke,  or  coal  at  the  gas-door 
inlet  of  cold  stoves  before  the  gas  is  turned  on. 

In  the  event  of  gas  being  turned  into  a  run-down  stove  and  failing 
to  ignite  immediately  the  gas  should  be  turned  off  instantly  and  a 
pilot  fire  provided,  as  noted  above.  In  turning  the  gas  on,  the  stove 
tendei:  should  step  away  quickly  from  the  burner  after  racking  it 
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into  the  burner  door  frame.  Many  burners  are  so  badly  designed 
that  the  stove  tender  in  racking  the  burner  into  the  door  is  compelled 
to  stand  within  2  to  4  feet  of  the  opening,  and  must  spring  away  as 
he  racks  the  burner  in ;  also  if  the  gas  does  not  ignite  promptly,  he 
is  in  some  danger  should  it  ignite  while  he  is  racking  the  burner 
back.  Burners  should  be  so  designed — ^as  several  types  are — that 
the  stove  tender  can  stand  6  to  10  feet  from  the  burner  door  when 
turning  the  gas  on.  Stove  cleaners  should  be  warned  of  the  danger 
of  flame  flaring  out  and  burning  them  if  the  stove  door  of  a  well  is 
opened  with  the  gas  turned  on  full.  The  gas  should  be  turned  off  in 
part  before  a  well-cleaning  door  is  opened. 

EZPLOSIOirS  OF  GAS  AT  BLAST-FUSVACE  BOILEBS. 

The  causes  of  explosions  at  the  boiler  house  are  in  general  the 
same  as  at  stoves.  An  explosion  in  the  combustion  chamber  takes 
place,  as  a  rule,  when  the  flow  of  gas  is  interrupted  and  air  works 
back  in  the  gas  main  through  the  boiler  burners;  or  when  the  gas  is 
shut  off,  on  account  of  the  furnace  being  stopped,  and,  on  starting 
up,  the  gas,  mixed  with  air,  completely  fills  the  boiler  setting  before 
it  ignites  or  is  lighted;  or  when  gas  is  turned  into  the  boiler  on 
blowing  in  or  after  cleaning  the  tubes  and  setting.  Aside  from  ex- 
plosions due  to  air  in  the  mains,  which  should  probably  be  discussed 
under  "Explosions  in  gas  mains,"  explosions  at  the  boiler  setting 
can  be  avoided  only  by  never  allowing  gas  to  enter  the  boiler  setting, 
beyond  the  combustion  chamber,  unbumed. 

Except  when  the  furnace  is  shut  down  for  changing  tuyeres,  or 
some  similar  cause,  in  which  case  the  gas  is  drafted  back  through  a 
stove,  checking  the  flow  of  gas  at  the  boiler  (or  stoves)  is  not  a 
matter  of  much  hazard  even  at  an  isolated  furnace,  as  there  is  al- 
ways an  appreciable  amount  of  gas  coming  over  from  the  furnace 
at  a  casting  stop.  Even  if  this  amount  of  gas  is  not  sufficient  to  keep 
up  combustion  in  all  boilers,  combustion  chambers,  variously  called 
"  dog  houses,"  "  Dutch  ovens,"  or  "  fore  chambers,"  are  usually  pro- 
vided which  present  a  large  surface  of  incandescent  brickwork, 
which  ignites  the  gas  the  instant  it  is  reintroduced  into  the  boiler 
upon  the  furnace  being  put  on  blast  again. 

In  addition  to  this  automatic  safety  provision,  it  is  almost  the  uni- 
versal custom  to  keep  a  small  coal  or  coke-dust  fire  going  on  the 
grates  of  gas-fired  boilers,  and  especially  when  the  flow  of  gas  has 
been  reduced  for  any  reason.  Also  where  more  than  one  furnace 
is  connected  to  the  boiler-house  gas  main  there  is  always  enough  gas 
from  the  other  furnace  or  furnaces  in  operation  to  keep  up  a  steady 
flow  to  the  boilers,  whereas  at  an  isolated  furnace,  and  usually  at  a 
group  of  furnaces,  it  is  usually  necessary  to  fire  coal  during  even  a 
short  furnace  shutdown  in  order  to  generate  steam  for  the  ptimps^ 
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compressors,  and  electrical  equipment.  For  these  reasons  interrup- 
tion of  gas  current  at  the  boilers  and  loss  of  gas  are  only  exceedingly 
remote  sources  of  explosions. 

In  lighting  cold  boilers  the  gas  occasionally  explodes  or  "kicks," 
especially  when  the  gas  is  "  wild  "  after  a  shutdown  or  on  blowing  in. 
Although  it  is  the  rule  to  provide  a  good  coal  fire,  there  have  been 
instances  where  the  gas  did  not  light  until  it  had  filled  the  boiler 
setting,  and  upon  ignition  puffed  out  and  burned  men  standing  near 
the  boiler  burners  and  doors.  Sojnetimes  the  gas  is  cold,  wet,  or 
difficult  to  bum,  and  in  these  cases  may  fail  to  ignite  promptly. 
When  gas  is  turned  into  a  cold  boiler,  burning  oily  waste  should  al- 
ways be  placed  at  the  nose  of  the  burner,  in  addition  to  a  blazing 
coal  fire  on  the  grates.  If  the  gas  does  not  light  promptly  the  gas 
burner  should  be  shut  off  and  time  allowed  for  the  setting  to  clear 
before  another  attempt  is  made  to  light  the  gas.  Serious  injuries 
have  been  caused  by  the  nonobservance  of  these  elementary  pre- 
cautions. The  fact  that  these  accidents  can  and  do  occur  should 
lead  to  the  use  of  every  precaution  which  will  either  minimize  their 
possibility  or  surely  prevent  them. 

The  handling  of  gas  at  stoves  and  boilers  at  shutdowns,  blowing 
in,  or  blowing  out  is  discussed  under  these  respective  headings. 

EXPLOSIONS  AT  GAS  MAINS  AND  IN  ITTSNACE  TOPS. 

OAS-S£AI<  EXPLOSIONS. 

Explosions  of  gas  at  the  furnace  top,  known  as  "  top  shots,"  and 
in  the  dust  catcher,  downcomer,  and  gas  mains  for  the  most  part  take 
place  on  stopping  the  furnace,  practically  the  only  exception  being 
at  skip-filled  furnaces,  where  the  doors  on  the  gas  seals  are  some- 
times opened  while  the  furnace  is  in  operation,  in  order  to  inspect 
the  bells  or  to  dislodge  material  from  the  little  bell,  lumps  or  scrap 
sometimes  lodging  between  the  bell  and  the  extension  or  lips  of  the 
receiving  hopper.  Occasionally  when  the  gas-seal  door  is  opened 
to  inspect  the  bell  the  gas  which  fills  the  space  above  the  large  bell, 
under  the  gas  seal  or  hood,  ignites  spontaneously  and  flashes  out  of 
the  door  onto  the  men  who  have  just  opened  it.  At  some  plants  it 
is  the  practice,  in  cleaning  the  top,  to  open  the  gas-seal  doors  and 
shovel  into  the  opening  over  the  large  bell  the  debris  of  coke  and  ore 
spilled  from  the  skip.  Men  have  been  injured  in  doing  this,  the  gas 
puffing  out  of  the  door  in  a  sheet  of  flame  while  they  were  standing 
near.  The  explosions  are  slight,  as  regards  violence,  and  have  not 
been  known  to  result  in  damage  to  the  furnace  itself.  They  are  note- 
worthy only  because  of  the  occasional  serious  burns  inflicted ;  three 
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such  accidents  resulting  in  disability  for  periods  ranging  up  to  10 
weeks  are  known. 

In  opening  gas-seal  doors  for  any  purpose,  the  little  bell  should  be 
kept  closed  until  the  door  is  opened  to  prevent  any  air  drafting  in 
at  the  instant  the  door  is  opened.  As  soon  as  the  door  is  opened  the 
little  bell  may  be  lowered,  thus  drafting  the  gas  out.  As  a  rule,  it 
is  necessary  to  opeQ  more  than  one  door,  either  for  illiunination  or 
for  access  to  the  bells,  but  before  the  second  door  is  opened  some 
burning  waste  should  be  thrown^  in  on  the  large  bell  to  light  the 
gas.  This  gas  will  usually  puff  when  ignited,  so  it  is  essential  to 
keep  away  from  the  door  until  the  gas  has  lighted.  In  carrying  on 
the  work  the  gas  should  be  kept  lighted  by  throwing  in  burning 
waste  from  time  to  time,  and  the  little  bell  should  be  kept  open. 
At  one  plant  where  injuries  from  this  cause  have  received  especial 
attention,  the  possibility  of  explosion  has  been  effectually  removed 
by  leading  a  i-inch  steam  line  into  the  base  of  the  gas  seal,  through 
which  steam  is  blown,  with  the  little  bell  open,  for  10  minutes  before 
the  doors  are  opened.  This  displaces  the  gas  entirely,  and  the  only 
precaution  necessary  is  to  keep  the  gas  lighted  while  the  bell  is 
being  cleaned  or  other  work  is  being  done. 

If  the  gas-seal  doors  are  opened  merely  to  examine  the  bell  to  see 
whether  it  is  cleaning  properly,  or  to  inspect  the  distribution  on  the 
bell  or  the  cleaning  of  the  furnace  top,  the  blast  is  not  usually  talcen 
off  the  furnace,  although  sometimes  it  is  checked.  At  a  few  plants, 
however,  if  it  is  necessary  to  open  the  gas  seal,  the  water-seal  valves 
at  the  dust  catcher  are  closed  in  case  the  furnace  is  connected  to 
another  operating  furnace  through  a  common  gas  main,  and  steam 
is  turned  into  the  dust  catcher,  the  bleeder  is  opened,  the  furnace 
shut  down,  and  the  gas  drafted  back  through  a  stove.  The  doors 
on  the  gas  seal  are  not  opened  imtil  steam  has  appeared  at  the  top 
of  the  bleeder  pipe.  When  this  is  done  there  is  little  danger  of  a 
gas  explosion  in  the  gas  seal  on  top  while  work  is  being  carried  oOj 
provided  care  is  taken  to  light  the  residual  gas  in  the  seal  at  the  time 
the  doors  are  first  opened.  These  precautions  are  occasionally  ob- 
served for  work  in  which  it  is  not  even  necessary  to  enter  the  gas 
seal.  When  it  becomes  necessary  to  enter  the  gas  seal  or  receiving 
hopper,  it  is  the  almost  universal  practice  to  take  the  furnace  off, 
and  also  to  observe  the  precautions  mentioned  above.  This  rule  is 
deviated  from  in  some  instances,  as  is  known  from  accidents  result- 
ing thereby,  but  only  infrequently  with  the  open  or  tacit  consent  of 
the  superintendent ;  more  often  a  foreman  or  helper  takes  a  chance 
of  a  slight "  puff  "  or  of  being  "  gassed  "  in  order  to  get  the  work  dcHie 
quickly.  All  work  about  gas  seals  should  be  done  under  the  8U)>er' 
vision  and  subject  to  the  orders  of  the  general  foreman  or  boss 


GAg  SXPL08I0K8  AT  BLAST  FX7RHAOB8.  105 

blower,  in  order  that  the  neeeasary  precautions,  the  need  of  whicti 
may  not  be  apparent  to  f  oiremen  and  repair  or  labor  gangs,  may  be 
taken. 

TOP  ANB  BOWKOOXSB  SXPLOfllOSB. 

B3Cni06IONg  DUBING  SMESOENCT  STOPS. 

Probably  the  most  dreaded  emergency  job  about  a  blast  furnace  is 
that  of  repairing  a  broken  water  or  steam  main  or  encountering  a 
similar  misfortune  that  necessitates  taking  the  furnace  off  instantly 
without  any  preparation  or  opportunity  for  consultation.  At  least 
one  destructive  explosion  has  occurred  in  such  a  stop,  apd  there 
have  been  many  explosions  under  similar  circumstances  which  for- 
tunately did  not  cause  much  or  any  damage.  The  trouble  at  such 
times  is  that  the  water  is  lost,  the  steam  is  lost,  and  the  blast  is  either 
lost  or  has  to  be  taken  off  as  soon  as  it  can  be.  In  such  event  the 
assistance  of  water-seal  valves  in  isolating  an  intricate  gas-main  sys- 
tem from  the  furnace  and  in  isolating  units  of  the  gas  main  from 
each  other  is  lacking,  the  use  of  steam  in  the  gas  mains  is  not  pos- 
sible, and  the  fact  that  the  blast  is  off  may  make  imperative  such  haste 
that  the  superintendent  or  foreman  must  delegate  some  detail  of  the 
work  to  some  one  else;  confusion  results,  a  blunder  is  made,  or  some 
hazardous  expedient  is  resorted  to,  and  the  gas  ignites  and  explodes. 
The  usual  result  is  only  an  extremely  violent  ^'  crack ''  at  the  top  of 
the  furnace,  but  downcomers  may  be  blown  off  and  dust  catchers 
wrecked,  or  the  bell  and  hopper  may  be  blown  out  of  the  furnace. 

One  practice  in  such  emergencies  is  to  shut  all  the  gas  burners  at 
the  stoves  and  boilers,  shut  down  the  fans  or  washers  at  the  gas- 
cleaniing  plant,  open  the  top  bleeder,  and  let  the  furnace  stand  with 
two  to  four  tuyeres  open.  Every  opening  on  the  gas-main  system, 
including  burners,  dust  bells,  explosion  doors,  and  bleeders,  is  kept 
shut,  and  no  attempt  whatever  is  made  to  draft  the  gas  out  of  the 
mains.  The  draft  up  through  the  furnace  from  the  open  tuyeres 
generates  sufficient  gas  to  keep  an  appreciable  stream  passing  out  of 
the  bleeder,  and  by  partly  closing  the  bleeder  sufficient  pressure  can 
be  maintained  in  the  top  of  the  furnace  to  prevent  gas  drafting  up 
the  downcomers  and  drawing  air  into  the  mains  through  leaky  doors 
and  burners.  This  method  of  meeting  the  emergency  is  costly  be- 
cause of  the  damage  to  uncooled  plates,  tuyeres'  and  tuyere  coolers, 
the  loss  sometimes  amounting  to  thousands  of  dollars,  but  it  is  some- 
times preferred  to  the  possibility  of  an  even  more  expensive  ex- 
plofflon. 

Some  plants  prefer  to  draft  baclk  the  gas  through  a  stove.  This 
procedure  quickly  stops  any  emission  of  gas  on  top,  draws  air  in  at 
the  bleeder  where  it  mi^es  with  gas  drifting  from  the  gas  mains  up 
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the  downcomer,  and  may  result  in  repeated  diarp  explosians  in  Hie 
top  of  the  furnace.  These  ^^  top  shots  "  do  little  or  no  damage  on  top, 
and  cease  in  the  course  of  a  half  hour  as  the  top  of  the  furnace  cools 
down,  but  are  a  source  of  alarm  to  the  crew. 

Another  variation  is  to  close  all  the  burners  along  the  gas  main 
and  to  open  a  door  at  the  end  of  the  main.  The  top  bleeder  is  then 
opened  and  the  gas  drafted  out  of  the  mains  through  the  furnace  top, 
the  tuyires  being  plugged  with  clay.  This  procedure  should  displace 
all  gas  in  the  mains  with  air,  the  air  as  it  is  drafted  in  pushing  the 
gas  ahead  of  it.  There  is  more  or  less  mixing  of  air  and  gas,  how- 
ever, along  the  face  and  especially  in  the  large  space  within  whirlers 
and  dust  catchers.  This  mixture  as  it  reaches  the  top  of  the  furnace 
may  cause  a  vigorous  "  top  kick,"  which  may  sweep  down  the  down- 
comer  into  the  dust  catcher  and  develop  into  a  violent  and  costly 
explosion. 

The  most  dangerous  practice  of  all,  and  one  probably  seldom 
followed  except  by  a  blunder,  is  to  have  a  burner  or  dust  bell  open 
near  the  furnace,  in  addition  to  having  a  burner  or  door  open  at 
the  end  of  the  gas  line.  Under  these  circumstances,  with  a  current 
of  gas  moving  toward  the  furnace  top,  air  is  drawn  in  with  the  gas, 
not  behind  it.  This  results  in  thorough  mixing  of  gas  and  air, 
forming  perhaps  a  very  explosive  mixture.  These  or  similar  meth- 
ods or  mistakes  have  caused  very  destructive  explosions. 

The  method  of  action  offering  the  least  possibility  of  explosion 
at  a  shutdown,  when  the  water,  steam,  and  blast  are  lost  simulta- 
neously or  in  quick  succession,  is  to  close  the  cold-bla^  and  hot- 
blast  valves  at  the  stoves  and  drop  the  blowpipes  at  once.  The 
burners  at  the  stoves  and  boilers  should  be  shut  at  the  same  time. 
The  tuyferes  can  then  be  plugged  with  clay,  the  bleeder  being-  opened 
sufficiently  to  afford  partial  relief  to  any  tendency  of  gas  blowing 
out  at  the  tuyeres,  for,  as  the  tuyferes  are  usually  burned  at  this  time, 
the  gas  is  apt  to  be  "  wild  "  and  to  blow  out  excessively.  After  the 
gas  line  has  been  inspected  to  make  sure  that  all  dust  bells  are  tightly 
closed  and  the  burners  shut,  the  bells  can  be  opened  on  top  of  the 
furnace.  Although  a  few  top  shots  may  occur  they  are  less  likely 
to  cause  serious  damage  when  a  vent  is  provided  for  escape  of 
pressure  through  the  bells.  The  furnace  can  be  allowed  to  stand  in 
this  condition  indefinitely  or  after  about  four  hours  the  farther- 
most burner,  or  door  in  the  gas  main,  can  be  opened  and  the  gas 
drafted  out  the  furnace  top  through  the  bleeder. 

The  fact  that  explosions  occur  at  the  furnace  top  and  in  the  down- 
comer  at  such  times,  when  the  temperature  in  the  top  immediately 
before  stopping  the  furnace  is  only  350^  to  550®  C,  may  be  explained 
by  the  assumption  that  the  brickwork  even  at  these  temperatures 
may  start  combustion,  and  also  from  the  fact  that  carbon,  carried 
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out  of  the  stock  by  the  gases,  may  have  deposited  in  places  on  the 
walls.  This  carbon  dust  is  highly  pyrophoric,  and  in  contact  with 
air  emits  sparks  or  bums  easily  and  may  therefore  ignite  a  mixture 
of  air  and  gas  at  exceedingly  low  temperatures  and  thus  initiate  an 
explosion  on  top.  The  essential  factor  in  preventing  such  top  explo- 
sion obviously  lies  in  not  permitting  any  mixture  of  air  and  gas 
to  draft  up  into  the  top  of  the  furnace  until  sufficient  time  has  been 
allowed  for  the  top  .to  cool.  In  view  of  the  fact  that  there  are 
innumerable  small  leaks  along  a  gas  main  at  burner  doors,  explosion 
doors,  or  at  bleeders  on  dust  catchers  or  ends  of  mains,  and  that  gas 
in  cooling  from  450°  to  200°  F.,  contracts  in  volume  approximately 
30  per  cent,  and  that  with  a  bleeder  or  bells  open  on  top  the  gas  in 
the  mains  tends  to  drift  up  the  furnace,  there  is  every  probability 
that,  in  case  of  shutdown,  in  the  course  of  a  few  hours  the  mains 
will  draw  in  a  considerable  amount  of  air  and  at  a  certain  distance 
from  the  end  be  filled  with  air  and  gas  in  proportions  closely  ap- 
proaching an  explosive  mixture.  For  this  reason  it  is  considered 
safest  to  draft  out  the  mains  rather  than  allow  them  to  remain  in 
such  condition  indefinitely,  or  even  longer  than  is  necessary  for  the 
top  and  downcomer  lining  to  cool  off. 

On  account  of  the  uncertainty  attending  practice  at  these  emer- 
gencies it  is  desirable  to  provide  an  easily  closed  valve,  of  the  slide- 
gate  or  bell  type,  at  each  outlet  from  the  dust  catcher.  These  valves 
are  most  usefid  at  routine  shutdowns  for  repairs,  or  for  tempo- 
rarily isolating  parts  of  the  main,  and  should  be  supplemented  by 
water-seal  valves,  as  the  mechanical  type  of  valve  is  rarely  gas  tight, 
and  in  shutting  down  for  repairs  the  prevention  of  gas  leaks  is 
essfflitiaL  The  use  of  the  mechanical  valve  is  largely  to  insure 
again&t  high  gas  pressure  blowing  the  water  out  of  the  water-seal 
valve,  the  latter  taking  care  of  any  leakage  of  gas  past  the  mechani- 
cal valve.  This  valve  should  therefore  be  inserted  primarily  with 
the  idea  of  its  supplementing  the  water-seal  valve  at  ordinary  shut- 
downs, and  second,  of  being  available  in  an  emergency  when  the 
water-seal  valve,  steam  pressure,  and  all  routine  auxiliaries  are  lack- 
ing. In  order  to  fulfill  these  specifications  the  chief  requisite  of  the 
valve  is  not. necessarily* tightness  against  gas  leakage,  but,  rather, 
ability  to  be  shut  very  quickly  in  order  to  isolate  the  furnace,  down- 
comer,  and  dust  catcher  from  the  remaining  cleaning  and  gas-main 
equipment.  The  ordinary  goggle  valve  is  an  example  of  a  type 
which  does  not  conform  to  this  requirement,  as  it  is  virtually  useless 
in  an  ^nergency  shutdown. 

When  such  valves  are  provided,  isolating  the  furnace  from  the 
gas  mains  is  easy,  the  possibility  of  ^'  top  shots ''  or  bad  explosions 
becomes  correspondingly  remote,  and  the  gas  mains  can  easily  be 
cleared  by  opening  a  burner  at  some  point  and  drafting  the  gas  out 
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through  a  cold  boiler  or-  stove,  a  downleg  at  the  other  end  of  the 
main  being  opened  to  let  air  enter. 

BXPLOSIONS  AT  SHUTDOWKS  POB  RXPAtBS. 

Where  the  gas-main  system  is  provided  with  water-seal  valves  or 
any  type  of  mechanical  valve  it  is  easily  isolated  from  the  dnst- 
catcher,  and  this  is  usually  done  when  the  furnace  is  shut  down  for 
repairs  on  top  or  at  the  mains.  The  possibility  of  an  explosion  is 
therefore  practically  eliminated,  especially  as  steam  may  be  used  at 
such  times  as  profusely  as  desired  in  drafting  out  the  dust  catcher 
and  downcomer.  Even  at  isolated  furnaces  where  no  valves  are  pro- 
vided at  the  dust  catcher  and  steam  is  not  used,  the  chances  of  an 
explosion  are  remote.  The  work  can  be  planned  ahead,  and  per- 
formed deliberately,  and  aside  from  an  occasional  more  or  less 
vigorous  "  kick  "  on  top,  no  trouble  is  encountered.  As  previously 
stated,  three  serious  explosions  within  the  past  three  years  are 
known;  in  two  of  these  instances  the  downcomers  were  split  and  in 
the  third  the  stove  burners  were  blown  off  the  stands,  no  one  being 
injured.  In  one  of  the  cases  where  the  downcomer  was  split,  the 
explosion  occurred  several  hours  after  the  furnace  had  been  taken 
off,  and  the  furnace  had  been  allowed  to  stand  all  night  with  the 
bleeder  and  bells  shut,  one  gas  burner  open,  and  all  dust  bells  shut 
In  the  second  case  the  explosion  took  place  about  half  an  hour  after 
the  furnace  had  been  stopped,  the  bells  had  just  been  opened,  and  the 
gas  was  being  drafted  out  through  the  top,  but  the  gas  on  top  had 
not  been  lighted. 

PRACTICE  BUBINa  8T0B8  FOB  RBPAntS  TO  TOP  OB  KAIBB. 

The  following  details  of  various  practices  at  stops  for  repairs 
were  furnished  by  the  superintendents  of  a  number  of  plants: 

PROCEDURe  AT  PLANT  1. 

In  all  shutdowns  for  repairs  to  the  top  or  mains,  the  fnniace  ts  Isolated 
from  the  other  furnaces  and  the  gas  is  lighted  on  top.  The  method  of  lighting 
the  gas  is  as  follows :  The  hlast  is  thrown  off  the  furnace,  the  tuyeres  are  tl^tly 
plugged  with  clay,  and  the  water  valves  are  filled,  sealing  the  gas  off  from 
other  furnaces.  The  bleeder  valve  Is  opened  and  while  the  tuyteee  are  being 
plugged  the  doors  on  the  gas  seal  inclosing  the  hoiq[ier  and  the  Uttle  bell  are 
opened.  After  the  foreman  in  charge  has  personally  seen  fJiat  this  has  been 
done,  he  opens  the  main  bell.  If  after  a  certain  time  the  gas  has  not  lit,  it  is 
ignited  by  throwing  a  lighted  piece  of  waste  In,  and  a  mA  Is  stationed  on  top 
whose  sole  duty  is  to  see  that  the  gas  is  kept  lit  In  order  to  have  the  top  as 
oi>en  as  possible,  the  explosion  doors  are  also  opened.  In  starting  up  after 
a  stop,  during  which  the  gas  was  lit,  the  method  of  procedure  is  as  foUows: 
The  bleetler  valve  and  explosi(m  doors  on  the  top  are  closed.  The  exfilosion 
doors  on  the  gas  seal  over  the  hopper  are  also  closed,  but  the  small  bell  is  not 
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closed  until  after  the  main  bell  Is  cloeed.  After  the  foreman  In  charge  finds 
everything  safe,  he  closes  the  big  bell  and  turns  a  low*pressure  blast  to  the 
furnace.  After  the  downcomer  and  dust  catcher  are  filled  with  gas,  as  indicated 
by  allowing  gas  to  flow  out  of  a  dust  pocket  near  the  waternaeal  valve,  the  water 
Talve  is  opened  and  gas  allowed  to  flow  over  into  the  gas  main. 

PROCEDUEB  AT  PLANT  2. 

When  possible,  stops  for  repairs  are  always  made  directly  after  a  cast.  In 
taking  the  furnace  ofT,  when  the  first  check  is  blown,  the  mixer  valve  is  closed 
and  water  Is  turned  into  the  water-seal  valve  with  the  idea  of  having  It  full 
flt  tlie  end  of  the  cast  As  soon  as  the  furnace  is  done  casting  and  both  water 
Heals  at  the  dust  catcher  are  full  both  of  the  bells  on  the  furnace  and  the  dust- 
catcher  bell  are  opened  and  gas  allowed  to  draft  up  and  out.  Tlie  engines  are 
kept  turning  over  with  the  snort  valve  open,  the  mixer  valve  closed,  the  cold- 
blast  valve  closed,  and  the  hot-blast  valve  and  chimney  valve  open,  thus  drawing 
the  gas  away  from  the  furnace.  The  blowpipes  are  then  taken  down,  the 
tuyeres  plugged,  and  the  engines  stopped.  In  starting  up,  the  blowing  engine  is 
started  turning  over  with  the  snort  and  cold-blast  valves  open,  the  mixer  valve 
shut,  and  the  hot-blast  valve  closed.  The  blowpipes  are  put  in  place  and  the 
water-seal  valves  opened,  permitting  gas  from  other  furnaces  to  flush  the  air 
out  of  the  dust  catchers  and  downcomer  through  the  top  of  the  furnace.  When 
the  dust  catcher  and  furnace  top  are  cleared  of  air  the  bells  are  closed,  the 
starting  signal  blown  in  the  engine  room,  and  the  hot-blast  valve  opened. 

PROCEDURE  AT  PLANT  3. 

In  case  men  are  required  to  go  upon  the  large  bell  of  the  furnace,  or  into  gas 
mains,  or  work  about  explosion  doors  or  bleeders  on  top  the  procedure  is  as 
follows :  The  furnace  is  shut  down  and  the  bell  valve  at  the  dust  catcher  closed ; 
the  gas  between  the  valve  and  the  top  of  the  furnace  is  expelled  by  steam. 
The  openings  of  the  dust  catchers  and  downcomer  between  the  valve  and  the 
top  of  the  furnace  are  then  opened,  admitting  air.  While  steam  is  being 
blown  into  the  dust  catcher  the  caps  on  the  tuyere  stocks  are  removed,  the 
luydres  plugged  with  clay,  and  sufficient  air  blown  through  the  hot-blast  main 
to  make  a  barely  perceptible  draft  at  the  cap  opening.  Tlie  gas  is  then  lighted 
under  the  bell  and  a  small  fire  maintained  by  constantly  feeding  light  wood 
down  through  the  try-rod  hole.  The  large  bell  is  opened  wide  and  the  bleeder 
left  open. 

PROCEDURE  AT  PLANT  4. 

In  TnfikiTig  short  stops  up  to  24  hours  in  length  the  furnace  is  flushed  and 
cast,  the  bleeder  opened,  and  the  mixer  valve  closed.  The  water-seul  valves 
connecting  the  furnace  dust  catcher  with  the  large  general  gas  main  and  with 
the  stoves  are  then  closed,  the  large  bell  and  small  b^l  are  opened,  the  blast- 
line  snort  valve  opened,  and  the  cold-blast  valve  in  the  stove  closed.  If,  after 
a  short  Interval,  the  gas  in  the  furnace  top  does  not  ignite,  it  is  lighted  with 
flaming  waste,  after  which  several  explosion  doors  are  opened  and  the  large 
and  small  b^ls  blocked  in  their  open  position.  The  dust-catcher  bell  is  locked 
closed  to  prevent  anyone  tampering  with  it,  the  blowpipes  are  taken  down,  and 
the  blowing  engines  stopped.  In  starting  up,  the  engines  are  started  turning 
over  against  the  open  snort  valve,  the  blowpipes  are  put  up,  the  stoves  opened, 
and  a  low-pressure  blast  turned  into  the  furnace.  As  soon  as  gas  appears  on 
top,  which  is  almost  instantly,  the  large  and  then  the  small  bell  are  closed,  the 
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bleeder  being  left  open.  The  explosion  doors  are  shut  while  the  blowpipes  are 
being  put  up.  The  dust-catcher  bell  is  opened  and  when  gas  is  escaping  in 
quantity  the  water  valYes  are  opened,  sending  the  gas  over  into  the  mains. 

PROCEDUBE  AT  PLANT  5. 

When  a  stop  of  some  length  is  made,  precautions  are  first  taken  to  flee  that 
the  gas  mains  are  sealed  tightly  at  explosion  doors  and  gas  burners,  in  order 
that  as  little  air  as  possible  shall  enter  the  mains  with  the  gas,  and  to  prevent 
accidental  Ignition  of  the  gas.  When  the  furnace  is  stopped  the  tuyeres  are 
plugged  and  the  bleeder  opened  on  top  to  draw  off  gas  rising  from  the  stock 
in  the  furnace.  The  gas  mains  are  kept  closed  from  the  furnace  top  to  the 
ends  until  the  furnace  is  fairly  cool.  In  case  work  is  to  be  done  on  the  gas 
mains,  both  bells  are  opened  wide  and  the  burners  on  the  last  boiler  on  the 
gas  main  are  pushed  in  so  that  there  is  a  suction  through  this  boiler  from  the 
main.  In  starting  up,  the  same  boiler  burners  mentioned  are  opened  so  there 
will  be  a  suction  through  to  the  end  of  the  main. 

SUMMARY  OF  METHODS  AT  THE  FIVE  PLANTS. 

The  chief  points  in  the  procedure  at  these  plants  may  be  summa- 
rized as  follows : 

1.  Keep  the  engine  turning  over  until  the  blowpipes  are  dropped- 

2.  Have  the  water  seal  or  other  valves  closed  at  the  end  of  the  cast. 

3.  With  gas  valves  shut,  open  the  bleeder  and  draft  gas  back  into 
the  stoves. 

4.  Plug  the  tuyeres  and  open  the  little  bell  and  gas-seal  do(M^ 

5.  Lower  the  large  bell  after  the  tuyeres  are  plugged. 

6.  Light  the  gas  on  top  if  it  does  not  ignite  of  itself,  and  keep  it 
lighted. 

7.  Do  not  attempt  to  light  the  gas  on  top  or  open  the  large  bell  or 
draft  out  the  downcomer  while  the  tuyeres  are  being  plugged,  as  a 
"  top  shot "  may  throw  coke  and  flame  over  the  men  working  about 
the  tuyeres. 

8.  In  event  of  there  being  no  seals  at  the  dust  catcher,  be  sure  that 
the  gas  main  is  tightly  sealed.  Block  or  lock  the  dust-catcher  valve 
shut,  open  both  bells  on  top,  and  open  the  farthermost  burner  on  the 
gas  main. 

9.  In  starting  up,  open  the  valve  at  the  dust  catcher  and  permit 
gas  from  another  furnace  to  displace  the  air  in  the  dust  catcher, 
downcomer,  and  furnace  top  before  closing  the  bell& 

10.  At  an  isolated  furnace  open  the  burner,  or,  still  better,  the 
bleeder,  at  the  end  of  the  gas  main  to  displace  the  air  in  the  furnace 
top,  downcomer,  dust  catcher,  and  main. 

IMPOBTANCE  O?  DESIGN  OF  GAS  OFFTAKE  AKB  BIiSEBSR. 

There  should  be  mentioned  the  importance  of  the  relation  of  design 
of  gas  offtake  and  bleeder  to  the  probability  of  top  explosions.    If 
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the  gas  offtake  and  bleeder  pipes  are  arranged  in  the  ^^  castle  type,^' 
then  the  gas  from  the  furnace,  when  it  is  off,  will  rise  up  tlirough  the 
bleeder  pipe  and  mix  in  the  upper  part  of  this  pipe  with  any  air 
coming  up  the  downcomer.  If  the  offtake  has  its  center  line  at  about 
the  bottom  of  the  big  bell,  with  the  bleeder  pipe  placed  at  the  end, 
over  the  downcomer,  then  the  air  rising  up  in  the  downcomer  has  a 
certain  opportunity  to  draft  down  the  offtake  and  mix  with  the  gas 
nnder  the  bell  and  hopper  by  diffusion. 

EXPLOSIONS  AT  SHUTDOWNS  FOB  CHANaiNG  TUYtRES  OB 

COOLING  PLATES. 

• 

The  practice  in  an  ordinary  shutdown  for  changing  tuyferes,  or 
other  similar  or  minor  repair  work,  varies  considerably,  considering 
that  no  wide  range  of  options  is  possible. 

The  practices  that  give  the  greatest  probability  of  an  explosion 
are  those  which  allow  the  gas  in  the  mains  to  mix  with  air  during  a 
brief  ^utdown  of  10  minutes  to  one  hour.  As  this  gas  is  often  high 
in  hydrogen  it  may  explode  violently  on  ignition.  The  mixing  of 
air  and  gas  in  the  pipes  may  be  caused  in  one  or  both  of  two  ways: 
(1)  Air  is  drawn  into  the  main  by  diffusion  into  open  burners  or 
dust  legs  and  through  leaky  burner  seats  by  cooling  or  explosion 
doors  when  the  gas  pressure  falls  to  less  than  atmospheric;  and  (2) 
by  opening  the  top  air  is  forced  into  the  main  by  the  atmospheric 
pressure  at  the  openings  below  being  greater  than  the  pressure  of 
the  hot  gas  inside  the  main  which  is  open  at  the  top.  When  the  fur- 
nace is  started  and  this  mixture  is  forced  into  a  heated  stove  or  boiler, 
an  explosion  results,  usually  only  a  slight  one  if  the  flow  of  gas  from 
the  burner  is  of  sufficient  velocity,  but  sometimes  making  a  consider- 
able noise  or  throwing  the  burner  off  the  stand  if  the  gas  drifts  from 
the  burner  slowly.  Occasionally  the  explosion  extends  into  the  gas 
main  and  develops  sufficient  violence  to  split  or  burst  the  main.  Vir- 
tually every  blast-furnace  plant  provides  against  this  contingency  by 
installing  so-called  '^explosion  doors'^  on  the  gas  main,  which  are 
supposed  to  prevent  escape  of  gas  at  working  pressure,  but  will  be 
lifted  by  a  gas  pressure  of  one-half  pound,  or  13  inches  of  water  or 
more.  The  use  of  such  doors  is  of  questionable  benefit  and  is  in 
disrepute  with  some  furnace  men  because  the  explosion  doors  fre- 
quently permit  a  great  deal  of  air  to  leak  into  the  gas  main  during 
a  shutdown,  and,  owing  to  their  inertia,  will  not  at  times  respond 
quickly  enough  to  a  gas  explosion  to  save  the  apparatus.  In  one 
instance  the  explosion  door  and  frame  was  blown  off  the  main,  evi- 
dently before  the  door  had  time  to  open^ 

It  is  easy  to  ascribe  too  much  importance  to  explosions  of  gas  in 
the  mains  or  at  the  burners  at  tuyere  stops  (stops  for  changing 
tuyeres  or  plates) .    Many  plants  are  not  troubled  with  them  at  all ; 
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at  others  months  may  pass  without  a  single  ^^  kick,"  and  this  period 
be  followed  by  one  in  which  nearly  erery  stop  is  accompanied 
by  one  or  more  ^^  cracks,''  or  explosions,  at  the  burner  or  in  the  main; 
in  the  latter  case  an  explosion  door  may  be  forced  open  and  a  cloud 
of  flue  dust  blown  out, 

DIFFERENT  PRACnCES  IN  SHUTTING  DOWN  TO  CHANOE  BRONZE. 

Although  such  explosions  seldcmi  occur,  the  fact  that  they  do  occur 
is  the  reason  for  explaining  practices  in  detail,  and  a  description  of 
practices  followed  at  various  plants  will  illustrate  the  possible 
hazards. 

FIB8T  METHOD. 

Operators  at  furnaces  having  relief  valves  in  the  hot-blast  main 
may,  and  occasionally  do,  change  tuy&res  without  drafting  the  gas 
back  through  a  stove.  In  making  such  a  stop  all  burners  are  closed 
upon  opening  the  snort  valve;  the  cold-blast  valve  and,  preferably, 
the  hot-blast  valve  of  the  stove  on  blast  are  also  closed.  The  pressure 
being  thus  relieved  on  the  hot-blast  main,  the  gas-relief  valve  drops, 
affording  a  vent  to  the  atmosphere  through  which  any  excessive 
pressure  of  gas  in  the  furnace  or  gas  mains  is  relieved.  Owing  to 
the  generation  of  gas  in  the  stock  column  there  is  always  some  gas 
under  slight  pressure  left  in  the  gas  mains  if  the  explosion  doors 
and  bleeders  are  tight,  but  at  the  same  time  the  back  pressure  is 
usually  suflSciently  relieved  at  the  tuyferes  to  enable  work  to  proceed. 
With  such  a  method  chance  of  an  accident  during  a  short  stop  is 
small.  There  is  danger,  however,  in  making  an  unexpectedly  long 
stop,  when  the  gas  in  the  mains  and  dust  catcher  may  cool  suffi- 
ciently to  permit  air  being  drawn  into  the  gas  system  through  loosely 
fitting  burners,  dust  bells,  or  explosion  doors.  One  hundred  cubic 
feet  of  gas  at  500®  F.  and  atmospheric  pressure  will  contract  to  60 
cubic  feet  at  100°  F.,  and  if  the  contraction  in  volume  is  replaced  with 
air  the  resulting  mixture  will  be  explosive  and  may  be  ignited  by  a 
spark  or  red-hot  material  of  any  description.  A  possible  disadvan- 
tage is  that  the  gas  in  the  hot-blast  main  may  be  drawn  back  in  some 
quantity  into  the  stove.  Frequently,  in  addition  to  the  relief  valve 
being  opened,  the  gas  is  drafted  back  into  a  stove. 

SECOND  KETROD. 

The  furnace  being  on  the  last  check,  all  burners  are  dosed  except 
the  burner  at  the  extreme  end  of  the  boilBr-houBe  gas  main  and  store 
gas  main.  The  furnace  is  taken  aff,  the  stove  burner  shut,  and  the  top 
bell  on  the  furnace  opened.  Upon  starting  up  the  furnace,  the  bell 
or  bells  on  the  furnace  top  are  left  open  until  the  gas  has  displaced 
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the  air  from  the  furnace  top  and  is  issuing  from  the  top  in  large 
quantities.  Then  the  top  bell  is  closed  and  gas  forced  through  the 
mains  to  the  open  burners  at  the  end  of  the  boiler-house  line.  This 
method  has.  nothing  but  custom  to  recommend  it,  as  large  quantities 
of  air  may  be  drawn  into  the  gas  mains  and  into  the  top  of  the  fur- 
nace* Should  the  air  displace  the  gas  bodily,  there  would  be  no  par- 
ticular danger.  However,  such  opportunity  is  afforded  for  mixing 
of  air  and  gas,  in  drafting  air  through  the  mains  when  the  furnace 
is  stopped,  and  in  displacing  air  from  the  mains  with  gas  when  the 
blast  is  turned  on,  that  often  sharp  explosions,  or  '^  cracks ''  occur  at 
the  burners  or  furnace  top  when  the  air-gas  mixture  comes  through ; 
also  red-hot  material  may  ignite  the  mixture  at  some  point  inside  the 
mains,  dust  catcher,  or  furnace  top.  There  is  seldom  enough  of  this 
mixture  to  cause  a  violent  explosion,  but  the  frequent  "  cracks  "  at 
furnace  top  and  at  burners  are  sufficiently  disquieting  and  demon- 
strate the  possibilities  of  more  serious  explosions.  There  is  at  some 
plants  a  tendency  to  ignore  apparently  trivial  dangers  in  handling 
gas  and  to  regard  minor  "  puffs "  and  "  cracks "  as  incident  to  the 
method.  Encouragement  is  afforded  this  attitude  because  certain 
practices  which  contain  elements  of  danger  may  be  followed  with 
impunity  for  years,  and  some  day  the  exact  combination  of  gas  mix- 
ture, confined  space,  and  igniting  medium  required  to  cause  an  ex- 
plosion is  encountered,  with  the  result  that  the  plant  is  wrecked  or 
damaged  and  men  killed  or  injured. 

THIBD  METHOD. 

A  more  common  practice  in  changing  tuy&res  is  to  close  all  the 
burners  at  the  stoves  and  boilers,  open  the  bleeder,  and  draft  the 
gas  back  through  a  stove.  Some  furnace  men  keep  the  bleeder,  bells, 
and  burners  shut,  and  draft  back  through  the  stove,  using  two  stoves 
if  the  gas  pressure  is  strong  at  the  tuyeres.  Other  furnace  men  open 
both  of  the  furnace  bells  and  the  bleeder,  and  also  the  dust  bell  on  the 
dust  catcher,  thus  clearing  the  dust  catcher  and  downcomers  of  gas, 
and  may  leave  a  stove  or  boiler  burner  open  to  draw  the  gas  from  the 
gas  mains.  Another  practice  is  to  simply  open  the  bells  to  draw  the 
gas  away. 

Opening  the  bells,  or  bells  and  bleeder,  induces  a  draft  of  gas  up 
the  downcomer  and  air  flows  into  the  main  at  every  crevice,  with  . 
the  result  that  after  a  prolonged  stop  the  mains  may  have  consider- 
able air  in  them  and  the  furnace  men  not  know  it,  and  upon  starting 
up  a  sharp  explosion  at  the  burner  may  result.  When  relief  from 
gas  pressure  is  obtained  by  drafting  back  through  a  stove  with  the 
bells,  bleeder,  and  burners  closed,  there  n>ay  be  a  slight  vacuum  in- 
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duced  in  the  gas  main  sufficient  to  draw  air  in  and  mis;  it  with  the 
gas.  In  case  a  stop  of  unexpected  duration  is  made  and  air  is  leak- 
ing in  appreciable  quantities  into  the  gas  main,  the  ccmditions  in  the 
gas  mains  and  dust  catcher,  in  drafting  back  through  stoves  with  the 
burners  closed,  may  be  as  dangerous  as  with  them  open. 

In  the  latter  case  the  sweep  of  air  into  the  mains  offers  oppor- 
tunity for  mixing  of  air  and  gas  only  at  the  face  of  the  gas  and  air 
volumes  or  in  large  spaces,  like  dust  catchers,  the  explosive  mixture 
is  soon  swept  out,  and  only  air  follows.  The  mixture  of  gas  and  air 
may  cause  a  "  top  shot ''  from  time  to  time  as  it  mixes  with  particu- 
larly hot  gas  coming  from  the  stockj  which  usually  is  not  of  suffi- 
cient violence  to  do  any  damage.  The  danger  lies  in  its  being  severe 
enough  to  blow  gas  out  of  the  tuyfere  or  other  device  about  the  bosh 
or  jacket  on  which  the  men  are  working.  With  closed  burners,  the 
whole  course  of  the  mains  and  dust  catcher  may  be  filled  with  an 
explosive  mixture  as  the  result  of  air  filtering  in  at  several  shortly 
separated  points,  and  upon  starting  up  the  furnace  and  turning  the 
gas  into  a  stove  the  whole  contents  of  the  main  may  backfire-  If 
these  explosions  are  of  sufficient  violence  to  tear  asunder  riveted 
steel  plate  construction  in  mains,  as  they  have  been,  it  is  useless  to 
attempt  to  safeguard  against  them  by  providing  explosion  doors. 
Experience  has  proven  that  the  doors  do  not  always  open  in  time  to 
prevent  the  bursting  of  the  apparatus. 

USE  or  STEAM  IN  GAS  MAINS. 

Inasmuch  as  possibilities  of  danger  are  presented  with  every 
variation  and  modification  of  method  and  use  of  apparatus  in 
brief  shutdowns,  it  is  interesting  to  note  one  practice  which  is  safe 
and  in  which  few,  if  any,  combinations  of  circumstances  can  in- 
troduce any  possibility  of  danger.  If  steam  is  turned  into  the  gas 
main  at  every  shutdown  of  a  longer  duration  than  or  differing  in 
kind  from  a  casting  period,  there  can  be  no  explosions  of  gas.  The 
steam  may  be  connected  with  the  system  at  the  dust  catcher  or  at  a 
point  next  to  the  water  seal,  goggle,  or  sand  valve  which  separates 
the  dry-cleaning  apparatus  from  the  rest  of  the  gas-main  system. 
The  best  way  to  make  the  connection  is  to  have  the  steam  inlet  valve 
on  the  foundation  level  within  reach  or  to  have  a  hook  hanging  from 
the  valve  and  within  reach. 

The  use  of  steam  prevents  a  vacuum  in  the  gas  system  when  draft- 
ing back  through  the  stoves  with  the  bells,  bleeder,  and  burners 
closed,  or  when  drafting  through  the  top  of  the  furnace  with  the 
burners  open,  because  a  blanket  of  steam  is  interposed  between  the 
gas  and  air;  also  any  explosive  mixture  formed  in  drafting  up  the 
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downcomer  is  saturated  with  steam  and  rendered  inert.  The  use 
of  steam  may  easily  be  made  a  regular  part  of  the  plant  practice. 
The  small  cost  and  the  brief  time  required  for  turning  the  steam  in  at 
diutdown  are  amply  repaid  by  the  assurance  that  there  is  no  possi- 
bility of  .even  small  ^  cracks  "  at  the  burners  or  top,  to  say  nothing  of 
more  serious  explosions. 

The  use  of  steam  in  handling  furnace  gas  was  introduced  and  first 
giren  publicity  in  1905  by  J,  W.  Dougherty,  who  applied  for  and 
received  a  patent  on  its  us&  Some  furnace  men  dispute  his  priority 
in  this  application  of  steam,  but  the  writer  has  been  unable  to  find 
any  record  of  another  claiming  to  have  used  it  before  this  date. 
It  is,  however,  claimed  to  have  been  used  in  gas  flues  of  steel- works 
furnaces  prior  to  1905. 

RELIEVINO  OAS  FBESSUBE  IN   THB  MAINS. 

In  furnace  plants  consisting  of  two  or  more  furnaces  the  gas 
pressure  in  the  mains  is  always  adequate,  when  only  one  furnace  is 
off  for  short  repairs,  to  prevent  any  air  being  drawn  into  the  main. 
As  a  rule  a  number  of  boilers  are  taken  off  gas,  and  the  stoves  are 
taken  off  at  the  furnace  on  which  the  stop  is  necessary.  The  gas  is 
then  drafted  back  through  a  stove.  Frequently  on  furnaces  con- 
nected together  there  is  a  very  high  gas  pressure  at  the  tuyferes,  which 
is  not  relieved  by  drafting  back  through  one,  or  even  two,  stoves. 
Where  this  pressure  can  not  be  relieved  by  the  full  use  of  available 
stove  or  boiler  burners  or  bleeders  on  the  other  stacks,  it  is  some- 
times deemed  necessary,  in  order  to  reduce  the  gas  pressure  so  that 
the  work  can  be  done  with  the  least  danger  to  the  furnace  crew,  to 
open  the  top  by  lowering  the  bells.  If  the  gas  pressure  can  not  be 
sufficiently  relieved  by  opening  the  bleeders  at  other  furnaces  so 
as  to  enable  the  bronze  to  be  easily  changed,  the  bells  should  be 
opened  only  in  extreme  need  and  closed  at  the  first  opportunity 
when  the  bronze  is  replaced.  Opening  the  bells  is  in  many  cases  a 
hazardous  practice  at  best,  and  should  not  be  resorted  to  when  there 
are  but  two  furnaces  connected  nor  when,  in  the  case  of  two  or  a 
larger  number  of  furnaces,  the  furnace  in  question  is  located  next 
to  the  main  leading  to  the  gas  engine.  In  every  case  a  man  should 
be  stationed  to  watch  the  gas  on  top,  and  in  event  of  its  becoming 
slack  at  the  bells  to  order  them  closed. 

The  best  method  of  aU  whenever  a  tuyere  must  be  changed,  whether 
at  an  isolated  furnace  or  a  group  of  furnaces,  is  to  fill  the  water- 
seal  valves  at  the  dust  catcher,  flood  the  dust  catcher  with  steam, 
draft  bade  through  a  stove,  and  open  the  bleeder  if  gas  is  excessively 
rank  at  the  ttiyerea  This  procedure  renders  the  possibility  of  even 
R  small  explosion  remote  or  virtually  impossible. 
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EXPLOSIONS  DXTBING  SHUTDOWNS  AT  CASTINa  TIME  TO  STOP 

TAPPING  HOLE. 

There  is  little  or  no  excuse  for  explosions  at  casting  time,  when  the 
blast  is  off,  unless  a  gas-engine  plant  is  pulling  too  hard  on  one  or 
two  furnaces. 

At  one  isolated  plant  the  following  practice  is  followed,  which 
may  be  taken  as  tjrpical  of  safe  practice:  The  furnace  is  provided 
with  a  gas  pressure  gage  and  also  with  a  whistle  for  signaling  the 
boiler  house.  As  the  furnace  is  checked,  the  stoves  are  taken  off 
gas  until  there  remains  but  one  stove  on  the  furnace  at  the  time  the 
last  check  is  blown,  all  of  the  boilers  being  left  on  gas.  Shortly 
before  it  is  necessary,  in  the  blower's  judgment,  to  open  the  snort 
valve  and  take  the  furnace  off,  he  signals  the  boiler  house.  The  water 
tender  or  foreman  thereupon  shuts  the  gas  off  at  all  but  two  boilers 
at  the  end  of  the  main  farthest  from  the  furnace.  One  of  these  is  tak^i 
off  in  case  the  gas  becomes  weak,  the  necessity  for  this  being  judged 
by  the  appearance  of  the  gas  flame  at  the  burners.  There  is  always 
sufficient  gas  from  the  furnace  to  keep  a  good  flame  at  one  boiler. 
When  the  snort  valve  is  opened,  the  stove  tender  takes  the  last  stove 
off  gas.  When  the  blast  is  put  back  on  the  furnace  he  turns  the  gas 
into  this  stove  as  soon  as  the  snorter  is  closed,  and  then  turns  on  the 
remaining  stoves  in  quick  succession.  In  putting  the  boilers  on 
gas,  the  blower  signals  the  engine  room  for  full  blast,  then  signals 
the  boiler-house  crew  to  put  the  boilers  back  on  gas,  waits  a  half 
minute  until  the  snort  valve  begins  to  roar,  and  then  turns  the  blast 
into  the  furnace.  The  boilers  are  put  on  singly  and  in  turn,  not  all 
at  once,  but  without  further  instructions. 

Where  two  furnaces  comprise  the  plant,  the  stove  burners  are 
usually  shut  at  the  furnace  being  taken  off  and  the  boiler-house 
crew  either  permitted  to  use  gas  with  no  burners  closed  or  sig- 
nalled to  slack  off  slightly.  With  three  or  more  furnaces  in  blast 
on  a  common  main,  it  is  not  usually  necessary  to  shut  off  any  of 
the  boiler  burners,  unless  the  gas  supply  should  be  scant  on  account 
of  a  furnace  sticking.  Heavy  demands  on  stoves  or  boilers  result 
in  one  or  the  other  being  favored  at  such  times,  but  this  is  aside 
from  any  consideration  of  possible  "top  shots"  or  "kicks."  At 
shutdown  for  casting  it  is  essential  as  a  rule  to  close  the  bleeder 
on  the  furnace  being  taken  off. 

At  the  few  plants  where  the  engines  are  stopped,  or  where  the 
butterfly  valve  is  closed  tightly  in  the  cold-blast  main,  or  where 
a  relief  valve  is  opened  at  casting,  little  or  no  air  enters  the  fur- 
nace, and  on  that  account  very  little  gas  is  generated.  In  such 
a  case  it  is  necessary  to  choke  back  the  gas  burners  to  insure  posi- 
tive gas  pressure  inside  the  gas  main,  which  is  essential  to  safety. 
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Where  water  seals  are  placed  in  the  gas  mains,  care  should  be 
taken  that  they  do  not  fill  with  water  from  a  leaky  water-inlet 
valve.  Such  a  possibility  is  done  away  with  by  placing  an  open 
gate  valve  at  a  tee  in  the  feed  line  next  to  the  dust  catcher.  Occa- 
sionally, where  there  are  water  seals  on  the  discharge  end  of 
scrubbers  not  cleaning  the  gas  thoroughly  or  dry,  the  flow  of  gas 
may  be  stopped  by  the  water  seal  filling  with  sludge  or  with  mois- 
ture condensed  from  the  gas.  Such  valves  should  be  emptied  or 
flushed  out  at  the  beginning  of  each  shift 

CABB  AND  OPBBATIOV  OT  BOT ABT  OA8  W ASHBB8. 

The  addition  of  a  gas-cleaning  plant  which  includes  some  type 
of  rotary  washer  introduces  cause  for  qiecial  precautions.  Such 
washers  may  create  a  vacuum  on  the  suction  side,  and  if,  for  some 
such  cause  as  sticking  and  tightness  of  the  furnace,  or  a  furnace 
stop,  the  supply  of  gas  is  less  than  the  washer's  running  capacity, 
air  will  be  drawn  into  the  supply  main  at  any  point  where  a 
perfect  seal  is  not  present,  such  as  bells  or  explosion  doors  or  open 
burners.  If  this  air  mixes  with  the  gas,  still  being  fumi^ed  in 
scanty  amount,  to  make  an  explosive  mixture,  and  this  is  sent 
over  to  the  stoves  or  boilers  where  flame  is  present,  tHe  flame  may 
flash  back  and  explode  the  gaseous  mixture  in  the  mains.  Most 
frequently,  however,  a  rotary  washer  draws  its  gas  from  a  main 
carrying  partly  cleaned  gas  (this  main  also  supplying  partly  cleaned 
gas  to  the  stoves  or  boilers,  or  both)  and  delivers  the  clean  gas 
to  gas  engines.  In  this  case,  if  the  gas  supply  falls  below  the 
capacity  of  the  washer,  and  the  washer  remains  running,  it  will 
create  a  vacuum  in  the  main  which  supplies  gas  to  the  washer 
and  to  the  stoves  or  boilers.  As  this  main  is  open  to  the  air  at 
its  stove  or  boUer  burner  connections,  air  is  drawn  into  the  main 
and  delivered  through  the  gas-cleaning  plant  to  the  gas  engines 
where,  if  back-firing  occurs  and  the  incoming  charge  is  ignited, 
the  gaseous  air  mixture  filling  the  mains  will  be  exploded. 

TYPICAL  ACCmiSNTS. 

An  example  of  such  an  explosion  is  illustrated  in  the  following 
description  of  an  accident  that  occurred  in  1909 : 

Two  fomaces  were  in  blast  at  the  time  of  the  accident.  At  12.31 
a.  nL  the  blast  was  taken  off  the  furnace  nearest  the  Theisen  scrubber, 
and  as  the  other  furnace  did  not  furnish  enou^  gas  for  the  gas  en- 
gine and  boiler  and  stove  burners,  air  was  drawn  into  the  gas-clean- 
ing apparatus  throu^  some  of  the  burners  under  the  suctions  of  the 
Theisen  apparatus.    At  1  a.  m.  the  anuneter  at  the  gas  engine  began 
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to  fluctuate.  The  current  gradually  went  down  from  4,000  to  2,200 
amperes  at  1.30  a.  m.  It  thai  went  up  again  and  reached  nearly 
5,000  amperes  at  2.19  a.  m.,  when  an  explosion  took  place  in  the  gas 
main  between  engine  and  gas  holder.  The  gas  engine  stopped.  Three 
minutes  later,  at  2.22  a.  m.,  a  second  explosion  was  heard  which 
blew  up  the  gas  holder.  Seven  minutes  later  a  third  explosion 
occurred  which  wrecked  the  tower  washers  and  dust  catcher  on  the 
furnace  side  of  the  Theisen.  The  first  two  explosions  were  caused 
by  flame  blowing  back  through  an  inlet  valve  of  the  gas  engine  and 
igniting  at  the  engine  the  mixture  in  the  main  leading  from  the 
engine  to  the  gas  holder.  The  ignition  evidently  traveled  slowly  in 
this  main^  as  three  minutes  were  required  after  the  engine  stopped 
at  backfire  until  the  gas  holder  blew  up.  Probably  the  ignition  of 
gas  in  the  main  had  attained  a  great  velocity  as  it  reached  the  gas 
holder  and  projected  the  flame  with  great  speed  into  it  axially,  thus 
igniting  a  large  quantity  of  gas-air  mixture  at  once.  The  bell  of  the 
gas  holder  was  blown  up  and  landed  on  its  side  in  the  holder  tank, 
and  a  part  of  the  top  of  the  bell  was  blown  off  and  thrown  several 
hundred  feet.  The  third  explosion  was  started  at  one  of  the  burners 
of  the  stoves  or  boilers,  the  gaseous  mixture  formed  at  the  nose  of 
the  burner  by  percolation  of  air  into  the  stationary  gas  igniting  and 
traveling  back  to  the  dust  catcher  near  the  tower  washer.  The  roof 
of  the  dust  catcher  was  blown  off  and  the  main  from  the  dust  catcher 
to  the  tower  washer  was  lifted  by  the  blown-off  roof  so  that  it  was 
wrenched  loose  from  the  tower  washer.  The  top  of  the  tower  washer 
was  ripped  open  biit  not  blown  off  in  one  case,  and  torn  off  completely 
in  another  case.  The  explosion  extended  to  the  inlet  of  the  Theisen 
washer  where  it  was  evidently  extinguished  by  the  water. 

In  1910  there  occurred  in  Germany  a  somewhat  similar  explosion. 
A  description  by  Dressier*  is  summarized  below : 

At  the  time  of  the  explosion  but  one  furnace  was  running.  The 
gas  from  the  furnace  went  through  a  dry-dust  catcher  and  two  tower 
washers,  and  the  final  cleaning  took  place  either  in  a  Theisen  or  in 
two  fans.  At  the  time  of  the  explosion  the  two  fans  were  miming  in 
series,  the  cleaned  gas  going  in  part  to  stoves  and  boilers  and  in  part 
to  gas  blowers  and  a  gas  generator.  There  was  no  gas  holder.  The 
furnace  was  running  regularly  with  the  beU  closed.  This  bell  was  a 
"  single  "  bell  with  central  tube  gas  offtake,  the  space  between  the  bell 
and  the  tube  being  sealed  with  a  water  seal.  The  top  fillers  noticed 
that  the  water  seal  was  suddenly  emptied  and  immediately  refilled  it 
This  probably  took  at  least  a  minute.  Following  this,  the  gas  blow- 
ers stopped  and  the  gas  generator  began  to  run  more  slowly.  As  soon 
as  the  gas  blowers  were  seen  to  be  stopping  the  steam  blowers  were 

•  Dressier,  H.,  Elne  unerklHrte  Horhofen  Explosion :  Stahl  and  Elsen.  Jalirs.  81.  1911. 
p.  270.  ^ 
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set  in  motion,  but  immediately  upon  the  stopping  of  the  gas  Uowers 
a  violent  explosion  took  place  in  the  clean-gas  main  between  the  en- 
gines and  the  gas-cleaning  house,  trayeling  as  far  back  as  the  Theisen, 
which  was  not  working  but  was  connected  with  the  clean-gas  main. 
The  explosion  was  so  violent  that  the  front  of  the  Theisen  was  de- 
stroyed and  hurled  a  distance  of  several  feet  The  explosicm  did  not 
make  itself  felt  in  the  gas  main  leading  to  the  fdmace,  nor  to  the 
boilers  and  stoves,  nor  at  the  f  an&  Accordingly,  it  is  evident  that 
(mly  a  oomparatively  small  amount  of  explosive  gas  was  present  in 
the  clean-gas  main  and  that  the  scrubbers  as  well  as  the  uncleaned 
gas  pipe  was  filled  again  with  the  normal  furnace  gas,  the  aspirated 
air  and  gas  at  the  furnace  top  having  pushed  itself  like  a  cushion  in 
front  of  the  following  normal  gas,  so  that  the  ihflammable  zone  had 
passed  the  gas-cleaning  station  and  filled  the  clean-gas  main  from 
the  Theisen  washer  to  the  gas  engine.  That  it  did  not  pass  into  the 
main  to  the  boilers  and  stoves  can  be  explained  only  by  assuming  that 
there  was  a  balancing  of  pressure  between  the  chimney  stacks  and  the 
aspirating  of  the  gas  engine. 

The  explosion  in  this  case,  as  in  the  preceding  example,  was  due  to 
back-firing  or  premature  ignition  iix  the  gas  inlet  of  the  gas-engine 
generator.  Whenever  the  normal  working  of  a  four-cycle  gas  engine 
is  disturbed,  either  by  an  excessively  high  hydrogen  content  of  the 
gas  or  a  sudden  lowering  of  thermal  value,  the  ignition  recoils  into 
the  mixing  chamber,  as  the  inlet  valve,  and  also  the  gas  valve,  is  open 
during  suction.  When  back-firing  takes  place  under  normal  working 
conditicms,  the  line  being  filled  with  gas  only,  and  the  flame  shoots 
into  the  gas  pipe,  such  premature  ignition  has  no  serious  consequences. 
I^ould  the  gas  piping  be  filled  with  a  gas-air  mixture,  then  the  igni- 
tion obviously  travels  back  into  the  gas  main  where  it  may  develop 
into  an  explosion. 

ESSENTIAL  PRECAimONS  IN  HANDLING  OAS. 

Tliese  accidents  show  that  one  of  the  most  important  details  in 
the  supervision  of  gas  cleaning  is  to  prevent,  by  suitable  regulation, 
the  formation  of  a  vacuum  in  the  gas  mains  at  any  point  between  the 
furnace  and  the  rotary  scrubber,  as  the  rotary  scrubbers  of  the  type 
used  in  this  country  can  usually  give  a  vacuum,  on  the  suction  side, 
of  3  or  4  inches  of  water,  and  a  discharge  pressure  about  8  inches 
higher  than  the  pressure  on  the  suction  side.  This  requirement  is 
adequately  met  at  all  gas-engine  and  gas-cleaning  plants  by  means 
YKTying  &om  very  elaborate  to  exceedingly  simple  systems.  These 
consist  of  a  series  of  gages  indicating  and  recording  the  pressure  in 
the  gas  mains,  automatic  alarm  bells  which  ring  when  the  gas 
pressure  falls  below  a  certain  predetermined  danger  point,  whistle 
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signals,  telephones,  circuit  breakers  on  the  gas  engines  that  break 
automatically  or  are  tripped  from  the  gas-cleaning  house,  and 
valves  that  close  or  open  automatically  in  the  gas  mains  leith  varying 
pressure,  but  chiefly  dependence  is  placed  in  personal  supervision 
by  a  responsible  employee  at  the  cleaning  house. 

The  point  of  danger  in  the  gas-main  qrstem  is  essentially  the  main 
supplying  gas  to  'the  rotary  washer.  If  the  pressure  in  this  main 
is  never  permitted  to  drop  below  a  certain  water  pressure — one-half 
inch,  for  instance — ^it  follows  that  gas  will  always  be  delivered  to 
the  engines  in  sufficient  quantity  and  at  a  satisfactory  pressure,  and 
that  as  there  is  a  positive  pressure  in  the  mains  leading  to  and  from 
the  washer,  air  can  not  be  drawn  in.  Although  the  supply  main 
is  the  one  watched  with  the  greatest  vigilance,  gages  are  attached 
to  other  parts  of  the  gas  Efystem.  Examples  of  various  systems 
follow.  The  placing  of  the  gages  is  given  in  the  order  of  their 
importance : 

1.  Gas  {a)  to  boilers  and  primary  tower  washer;  (b)  frcMn  pri- 
mary washer  to  stoves  and  secondary  washer;  (c)  from  seoondaiy 
washer  to  gas  engines.    Gages  placed  at  bj  Oy  and  c. 

2.  Gas  {a)  to  primary  tower  washer  and  boiler;  (i)  from  primary 
washer  to  fan;  (c)  from  fan  to  stoves  and  Theisen  washer;  {d)  from 
Theisen  to  gas  engine.    Gages  at  c,  a,  d^  and  b* 

8.  Gas  (a)  to  primary  tower  washer;  (6)  from  primary  tower 
washer  to  stoves,  boilers,  and  Theisen;  (c)  from  Theisen  to  gas 
engine.    Gages  at  6,  a,  and  c. 

4.  Gas  (a)  to  boilers,  stoves,  and  tower  washer;  {b)  from  tower 
washer  to  rotary  cleaner;  {c)  from  rotary  cleaner  to  ATiginA^  Gages 
at  a,  c,  and  &. 

METHOD  OP  HANDLIira  OAS  AT  A  I.ABGB  PLANT. 

A  detailed  report  of  the  system  of  handling  gas  at  a  large  plant  is 
given  here  in  abridged  form,  as  it  conveys  an  exceptionally  good 
idea  of  the  methods  used  and  conditions  encountered. 

GAS    CONSUMPTION   AT  FURNACE  PLANT. 

The  blast-fnmace  plant  consists  of  one  600-ton  and  three  450-ton  famaces. 
each  having  four  hot-blast  stoves.  In  addition  to  these  stoves  the  fnnisces 
supply  gas  to  the  following: 

8  batteries  of  Stirling  boilers horsepower—  4,SO0 

4  batteries  of  Cahlll  boilers do 4,000 

4  gas  electric  engines do 7,200 

1  gas  electric  engine do 4,000 

2  ladle  dry  houses. 

DESCRIPTION  OF  GAS-CLEANING  PLANT. 

The  gas<leanlng  plant  consists  of  two  parts — the  preliminary  cleaners  and 
the  purifying  plant. 


0A&  BXPLOSIOKS  AT  BLAST  PtJENAOBB.  121 

The  pieUminary  cleaners  are  sitnated  at  the  furnace  and  clean  all  the  gas. 
The  cleaners  at  each  of  the  four  furnaces  differ  in.  many  respects  as  to  form 
and  arrangement,  but  they  are  nearly  alike  in  principle. 

At  furnace  "A"  the  gas  leaves  through  the  downcomers  and  passes  through 
a  30-foot  Gonmion  dry  dust  catdier,  a  21-foot  tangential  dry  dust  catcher,  and 
a  26-foot  8-inch  Mullin  or  impinging  washer.  The  gas  leaves  the  Mullin  and 
passes  through  a  Crawford  valve  and  then  into  the  6-foot  common  furnace 
main.  Off  the  end  of  this  main  a  90-inch  main  leads  to  the  ladle  dry  house. 
This  common  6-foot  main  passes  through  the  Stirling  boiler  house,  and  from 
this  main  a  6-fbot  main  leads  to  the  OahiU  boilers. 

At  furnace  '^  B  **  the  arrangemoit  is  identical  to  that  at  furnace  "A,"  except 
that  there  is  one  5-foot  main  leaving  the  Mullin  washer,  which  leads  into  the 
5-foot  main  behind  furnaces  *'  B  '*  and  "  O.** 

At  furnace  '^O"  the  gas  passes  through  one  80-foot,  common  dust  catcher, 
one  26-foot  tangential  dust  catcher,  and  one  primary  and  one  secondary  **  baffle 
washer.**  The  gas  leaving  the  washer  passes  into  the  upper  5-foot  main  behind 
furnaces  **  B  **  and  *'  O.*'  This  main  feeds  gas  to  the  boilers  and  to  the  primary 
6-foot  main  connecting  the  gas  mains  from  all  the  furnaces.  The  stoves  of 
both  furnaces  "  B  "  and  •*  0  *'  receive  gas  from  this  6-foot  main. 

At  furnace  "D**  the  gas  coming  down  from  the  top  is  conducted  through 
four  downcomers  into  two  pipes  leading  to  a  common  dry  dust  catcher  80  feet 
in  diameter,  thence  through  a  series  of  three  centrifugal  dry  dust  catchers,  and 
from  there  through  a  primary  and  a  secondary  washer  identical  to  those  at 
fnniace  "^G.**  The  gas  leaving  the  washers  is  passed  into  the  upper  5-foot 
main,  which  f^eds  the  "D**  furnace  stoves  and  also  connects  with  the  com- 
mon 6-foot  main  connecting  all  the  furnaces. 

Goggle  and  Crawford  valves  are  so  situated  in  the  gas  mains  that  any  fur* 
Dace,  boiler  house,  or  engine  house  can  be  shut  down  or  disconnected  without 
interfering  with  the  operation  of  any  of  the  others. 

A  5-foot  gas  main  connecting  with  the  "  D  '*  furnace  end  of  the  common  6- 
foot  main  leads  to  the  purifying  plant  Between  No.  8  and  No.  9  stoves  a  5-foot 
main  connects  with  the  common  5-foot  main  and  leads  along  the  trestle  to  the 
purifying  plant,  thus  forming  two  gas  supply  mains  to  the  purifying  plant. 

The  purifying  plant  consists  of  three  separate  units  in  parallel.  Two  of 
these  are  identical,  each  having  one  baffle,  one  Zschockke  and  one  Theisen 
washer  in  series.    The  third  consists  of  only  one  Theisen  washer. 

From  the  Theisens  the  gas  passes  through  a  water  separator  into  a  com- 
mon 5-foot  main  which  leads  to  the  gas  holder.  A  regulating  butterfly  valve  is 
placed  in  the  main  ahead  of  the  gas  holder.  A  5-foot  main  leaves  the  gas 
holder  and  divides  into  two  5-foot  mains,  one  leading  to  the  gas  electric  engines, 
the  other  to  the  gas  blowing  engines. 

The  gas  holder  is  55  feet  in  diameter  and  has  a  lift  of  14  feet,  thus  having  a 
capacity  of  88,000  cubic  feet,  and  requires  a  pressure  of  7{  inches  of  water  to 
nUse  the  bell.  A  5-foot  by-pass  has  been  connected  to  the  mains  entering  and 
leaving  the  holder  so  that  in  case  of  emergency  the  holder  can  be  cut  out  by 
turning  three  goggle  valves. 

A  butterfly  valve  has  been  placed  in  each  of  the  engine-house  gas  mains, 
whidi  is  regulated  by  a  small  gas  meter  5  feet  in  diameter  connected  to  the 
gas  main  by  a  4-lnch  pipe.  With  this  gas  meter  the  pressure  of  gas  can  be 
regulated  at  the  engines.  At  present  this  pressure  is  set  at  8)  to  5  inches  of 
water. 

As  the  pressure  in  our  gas  mains  at  "  B,"  "  C,'*  and  "  D  "  furnaces  is  much 
larger  than  at  "A,**  owing  to  the  smaller  main,  it  is  obvious  that  as  we  have 
all  of  our  boilers  between  these  conditions,  and  a  ladle  dry  house  on  the  opposite 
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Bide  of  "A,"  gas  very  seldom  reaches  the  gas  engines  from  "A**  fomace,  the 
exception  being  In  the  case  of  a  shutdown  or  furnace  out  of  blast  at  ^  B,"  **  C,*" 
and  "  D.*'    The  method  of  operation  under  these  conditions  Is  referred  to  later. 

SAFETY  OF  THE  PLANT.* 

The  only  danger  which  exists  for  the  safety  of  the  Installation  has  Its  source 
In  the  lack  of  sufficient  gas  supply. 

The  principal  part  of  the  gas-cIeanlng  plant  Is  the  so-called  purifying  plant 
the  object  of  which  is  to  refine  the  gas  for  use  in  the  gas  engines.  As  men- 
tioned heretofore,  this  part  of  the  plant  contains  the  Theisoi  washers,  and 
these  are  so  constructed  that  there  is  a  suction  fan  on  the  end  of  the  gas  supply 
and  a  discharge  fan  on  the  other  end.  Because  of  this  construction,  they  are 
able  to  suck  gas  or  air  through  the  mains  and  discharge  it  under  pressure. 
The  tendency  of  the  washers  Is  to  deliver  gas  to  the  gas  holder  at  a  pressure 
8  to  12  Inches  higher  than  the  pressure  on  the  suction  side,  and  the  object  of 
tlie  gas  holder  Is  to  act  as  a  reservoir,  and  it  maintains  a  constant  preasore  of 
about  7i  inches. 

It  is  evident  that  if  for  any  reason  the  gas  supply  to  the  holder  should  fall 
or  continue  to  be  pumi>ed  in  after  the  holder  has  reached  its  upp^most  position, 
there  would  be  danger  of  a  wreck;  in  the  first  case  due  to  the  suction  from 
tlie  engines  on  the  empty  holder,  and  in  the  second,  to  high  internal  pressure, 
as  the  butterfly  valve  is  not  gas-tight 

In  mentioning  the  gas  supply  to  the  holder,  we  will  have  to  consido:  air,  be- 
cause should  the  Theisen  washer  continue  to  operate  when  the  gas  had  failed, 
air  would  be  pumped  into  the  main  by  way  of  the  stove  and  boiler  burners, 
bleeder  and  any  similar  openings  in  the  supply  main.  If  such  were  the  case 
there  would  be  no  danger  of  a  collapse,  but  an  Infinitely  more  serious  one  would 
be  presented  and  in  the  nature  of  an  explosion.  The  engines  would  receive 
a  mixture  of  gas  and  air,  and  this  change  of  mixture  would  cause  the  engines  to 
** back-fire"  into  the  main,  and  as  the  explosive  mixture  might  extend  all  of 
the  way  back  through  the  main,  an  explosion  would  be  possible,  wrecking  the 
entire  installation. 

FURNACE  OPERATION  AS  REGARDS  OAS  SUPFLT. 

As  the  requirements  of  our  gas-engine  power  house  are  practically  the  same 
regardless  of  the  number  of  furnaces  in  blast,  it  is  evident  that  there  are  times 
when  it  becomes  very  much  of  a  problem  as  to  how  we  can  ke^  the  engines 
running  and  take  care  of  a  brief  "  shutdown,"  owing  to  accidents  at  the  fur- 
naces, such  as  the  burning  of  a  blow  pipe,  or  to  make  necessary  changes.  Whoi 
the  latter  Is  the  case  we  try  to  take  the  blast  off  at  meal  hours,  when  the  load 
is  the  lightest  and  when  we  can  shut  down  all  but  <me  gas  engine  and  aU  of 
the  engines  at  the  steam  power  house.  We  then  take  care  of  the  plant  load  by 
running  the  motor-generator  set  from  the  gas  engine,  and  thereby  economise  on 
the  gas  consumption. 

The  worst  condition  which  we  can  have  and  attempt  to  satisfy  all  of  the 
requirements  is  that  of  only  two  furnaces  in  blast  ancl  any  rules  of  methods 
of  operation  are  based  on  that  condition.  In  case  a  shutdown  is  to  occur,  the 
general  foreman  or  blower,  if  it  be  an  accident  notifies  by  means  of  the  tele- 
phone the  office  and  Theisen  washer  operator.  He  then  sends  word  to  the  boiler 
tender  to  make  a  fire,  and  to  the  stove  tenders  to  be  ready  to  operate  the  water- 


•  All  preasares  mentioned  are  in  inches  of  water. 
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seal  Talves  in  the  gas  main  to  the  furnace  In  question.  If  all  fornaces  are  in 
blast,  he  also  conunnnlcates  with  the  men  in  charge  so  that  everyone  in  control 
of  the  gas  supply  can  assist  in  maintaining  an  excess. 

If  two  furnaces  only  are  in  blast,  he  pulls  back  the  stove  burners  on  both 
fomaces  before  the  blast  is  entirely  off,  and  also  opens  the  bleeder  on  top  of 
the  furnace  so  that  the  water-seal  valve  can  be  entirely  filled  while  there  is  still 
a  small  supply  of  gas. 

Having  complied  with  these  methods  of  operation,  the  furnace  man  has 
not  eliminated  the  dangers,  but  he  has  done  all  in  his  power  to  put  the  supply 
on  a  safe  basis,  and,  as  is  explained  later,  the  responsibility  has  been  passed  on 
to  others  and  he  is  free  to  hurry  his  various  operations  on  the  furnace.  In 
the  case  of  a  premeditated  shutdown,  everything  can  be  carried  on  deliberately, 
and  possibly  in  the  case  of  an  accident,  but  if  not,  the  dangers  are  taken  care 
of  partly  by  automatic  means  and  partly  by  operators. 

The  furnace  man  has  a  pressure  gage  on  the  trough  supplying  the  cooling 
water  to  the  furnace  and  he  maintains  a  pressure  such  that  it  will  be  loww 
than  that  of  the  blast,  thereby  reducing  the  possibility  of  hydrogen  in  the  gas 
supply  to  the  engines.  He  is  also  provided  with  a  set  of  instructions  and  signals 
such  as  are  applicable  to  the  other  parts  of  the  system. 

GENERAIi  SAFETT  PRECAUTIONS. 

The  general  features  which  have  been  installed  for  the  purpose  of  avoiding 
accidents  are  as  follows: 

(A)  A  plant  telephone  system  which  connects  the  gas-electric  engine  house, 
blowing-engine  houses,  steam-power  house,  Theisen  washers,  furnaces,  and 
offices,  a  telephone  connecting  the  gas-engine  power  house  and  the  steel  works, 
also  a  telephone  on  the  outside  exchange.  Where  there  is  danger  of  operators 
not  hearing  the  bell,  a  steam  whistle  is  installed. 

(B)  Steam  whistles  electrically  operated  from  the  Theisen  washers  are  located 
at  each  house  and  one  between  "  C  "  and  "  D "  furnaces.  They  are  used  in 
the  case  of  '*  low  gas  "  and  can  be  heard  at  all  of  the  furnaces  and  boilers,  and, 
in  fact,  very  distinctly  from  any  part  of  the  plant.  They  have  a  distinct  tone 
of  their  own  and  can  not  be  easily  mistaken  for  others,  so  that  they  serve  to 
keep  i>osted  all  who  are  concerned  with  existing  conditions. 

In  order  to  avoid  the  danger  previously  mentioned  of  pumping  air  or  gas  Into 
the  gas  holder  after  it  has  reached  its  uppermost  position,  a  butterfly  valve  Is 
arranged  in  the  main  between  the  Theisen  washers  and  the  holder,  and  is 
operated  by  the  holder  bell  in  such  a  manner  that  when  the  bill  is  in  its  highest 
position  or  full,  the  valve  shuts  off  the  gas  supply.  The  valve  then  is  opened 
automatically  as  the  bell  descends  and  maintains  a  position  which  varies  for 
each  i)osition  of  the  bell. 

In  the  case  of  an  accident  at  this  part  of  the  plant,  it  Is  understood  that  a 
long  blast  on  the  "  low-gas  "  whistle,  located  at  the  boiler  fiouses  and  furnaces, 
will  serve  to  notify  the  entire  works. 

Whistles  are  installed  at  the  washers  and  at  the  gas-engine  power  house  and 
serve  as  a  means  of  communication  in  addition  to  the  telephones.  They  are  used 
in  starting  up  and  In  stopping  the  engines  and  washers.  The  code  of  signals  as 
posted  and  used  is  as  follows: 

SIGNALS  AND  QAGES  FOR  THEISEN  WASHER. 

To  gas  blawera  from  Theisen  washer. — One  blast,  "  Gas  supply  falling  *' ;  two 
blasts,  **  Gas  supply  O.  K."  (test  at  6  a.  m.). 
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To  ffOB-electric  engines  from  Tkei$en  loasher. — One  blast,  "  Shut  down  en- 
gines " ;  two  blasts,  **  Oas  sui^ly  O.  K.** 

To  T7iei8en  washer  from  gas-electric  engines, — One  blast,  '*  Shut  off  gas 
supply  '* ;  two  blasts,  *'  Send  over  gas." 

Qenerol  signals  from  Theisen  washer. — One  blast  (long  or  short),  "Trouble, 
help  wanted  " ;  one  long  and  two  short  blasts,  *'  Pull  stove  burners  back  " ;  two 
blasts,  "  Pull  boiler  burners  back  " ;  three  blasts,  **  Light  boiler  burners  ** ;  four 
blasts,  "Oas  supply  O.  K."  (test  6  p.  m.). 

General  signals  from  gas-hlowing  engines. — Any  number  over  four  blasts, 
**  Oas  engine  failing  '* ;  four  blasts,  *'  Oas  supply  O.  K.*'  (test  at  6  a.  nL). 

This  code,  in  addition  to  being  posted  in  a  frame  at  the  washer.  Is  also  poiated 
at  the  gas-engine  house,  furnaces,  boiler  houses,  and  office. 

The  operators  at  the  gas-blowing  engine  house  upon  receiving  one  blast  from 
the  Theisen  will  immediately  put  themselves  in  position  to  familiarize  them- 
selves with  the  gas  situation,  and,  if  they  find  that  there  is  not  enoui^  supply 
to  keep  the  engines  running,  they  will  advise  the  furnaces  by  blowing  more 
than  four  blasts.  When  it  is  found  that  the  engines  must  be  shut  down,  the 
Ignition  will  be  cut  off  as  quickly  as  possible. 

At  the  furnace  the  stove  tenders  must  be  acquainted  with  the  meaning  of  the 
whistles  so  that  they  will  not  wait  for  orders,  but  will  pull  their  stove  burners 
back  immediately  and  make  all  preparation  to  take  the  furnace  off  as  soon 
as  possible  if  found  necessary.  The  blowers  upon  hearing  the  whistle  will  get 
to  their  pressure  gages  as  soon  as  possible  and  from  them  determine  the  course 
to  be  pursued.  If  the  gage  pressure  does  not  indicate  that  the  blast  has  failed 
entirely,  it  of  course  will  mean  that  the  condition  has  recovered  to  such  an 
extent  that  the  engines  were  not  forced  down,  or  that  probably  the  blast  is 
being  supplied  by  speeding  up  the  split  steam  engine  that  happens  to  be  in 
operation. 

At  the  steam-blowing  engine  house  the  operators  will  be  prepared  as  soon 
as  possible  to  put  a  steam  engine  into  service  on  the  furnace  where  the  gas 
engine  has  failed.  When  they  are  ready  the  furnace  can  be  advised  by  means  of 
the  telephone,  in  which  case  they  will  prepare  to  put  the  blast  on  again. 

In  the  case  of  the  stove  burners,  it  Is  quite  probable  that  if  five  or  more 
whistles  are  blown  "  low-gas "  signals  will  have  been  blown  previously  and 
that  burners  will  already  be  back.  The  case  may  arise,  however,  where  this 
may  not  be  so,  and  it  will  be  necessary  that  special  precautions  are  taken  in 
advising  the  men  in  charge  of  the  stoves. 

In  case  a  furnace  is  shut  down  for  any  purpose,  the  furnace  foreman  will 
have  an  understanding  with  the  stove  tender  that  after  the  regular  oiierations 
have  been  performed  in  taking  the  furnace  off,  he  will  also  see  that  steam  has 
been  turned  on,  and  not  only  turned  on  but  actually  going  into  the  dust  catchers. 
He  will  also  take  charge  of  the  Crawford  valve,  shutting  off  the  furnace  in 
question,  and  see  that  it  is  operating  in  perfect  condition.  The  stove  tender  is 
to  do  these  things,  and  nothing  else,  while  the  furnace  is  off  blast. 

The  following  notices  are  placed  in  conspicuous  places,  the  first  being  inside 
and  the  second  on  the  outside,  near  the  door  of  the  clearing  plant. 

(1)  "  Smoking  and  the  use  of  matches  or  open  flames  of  any  kind  is  strictly 
prohibited  in  this  building.** 

(2)  *'  Keep  out  except  on  business.  Do  not  smoke  or  use  red-hot  metal  or 
flames  of  any  kind  on  or  near  these  washers.  Ehnployees  falling  to  comply  with 
the  above  will  subject  themselves  to  discharge." 

Similar  signs  are  placed  In  and  about  all  other  parts  of  the  gas-engine  system 
and  building. 
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It  has  been  shown  that  the  faUnre  of  gas  supply  is  the  most  common  danger 
which  exists ;  therefore  It  is  essential  that  some  means  be  devised  whereby  this 
danger  is  guarded  against.  As  has  been  shown,  the  furnace  man  does  all  in  his 
power  in  the  matter  of  warning,  and  the  responsibility  for  the  safety  of  the 
installation  devolves  upon  the  Theisen-washer  operator,  as  he  is  in  control  of 
the  train  of  mains  and  piping  which  conducts  the  gas  to  the  engines.  In  order 
to  assist  him  and  to  serve  as  a  means  of  warning  in  case  the  gas  gets  **  low  ** 
for  any  unforeseen  reason  or  at  casting  time,  a  system  of  manometer  tubes  and 
recording  pressure  gages  are  installed. 

The  low-pressure  signal  consists  of  a  manometer  tube  made  of  steel  p^  and 
oi  sufficient  length  to  hold  the  water  for  any  pressure  which  may  exist  on  the 
famace  side  of  the  Theisen. 

A  copper  float  supporting  a  brass  rod,  on  the  end  of  which  is  a  copper  washer, 
is  in  the  atmospheric  end  of  the  tube.  The  washer  is  set  at  such  a  point  that 
when  the  pressure  has  been  reduced  to  2  inches,  it  will  complete  an  electrical 
circuit  and  cause  a  whistle  to  be  blown.  After  thus  receiving  his  warning, 
the  operator  watches  his  glass  tube  and  gage  for  critical  conditions,  as  they 
are  connected  in  the  same  line  with  the  steel  tube  and  on  the  supply  side  of  the 
Tbeisen. 

If  the  pressure  falls  below  2  inches,  the  whistle  calling  for  the  stove  burners 
to  be  pulled  back  is  blown,  and  the  furnace  man  quickly  responds.  If  this  does 
not  increase  the  supply  to  the  engines,  the  signal  for  the  boilers  is  blown.  If 
the  pressure  does  not  resolve  into  a  vacuum  before  the  supply  is  increased,  by 
pulling  back  the  burners  or  the  unusual  conditions  of  supply  readjusted,  the 
q[)eration  is  not  changed.  But  should  a  vacuum  occur,  a  gate  valve  which  is 
placed  between  the  holder  and  the  Thelsen  washer  is  closed  and  the  Theisen 
shut  down  in  order  to  prevent  air  from  being  pumped  into  the  mains  and 
holders.  The  operator  then  watches  his  tank,  also  for  a  return  of  his  supply 
pressure,  and  in  case  the  tank  gets  beyond  a  marked  position  before  the  pres- 
sure returns,  he  signals  the  engine  house  to  shut  down,  and  his  orders  are 
imperative  in  so  far  as  the  engineers  are  concerned.  In  case  it  becomes  neces- 
sary to  stop  the  gas-power  engines  quickly,  due  to  the  sudden  failure  of  gas, 
the  Theisen-washer  man  has  control  of  the  ignition  system  on  engines,  which 
he  immediately  cuts  out.  The  operator  can  of  course  vary  his  operation  to 
suit  conditions,  such  as  allowing  the  tank  to  go  lower  when  only  one  engine 
is  pulling  on  the  reserve  gas  supply. 

One  of  the  other  glass  tubes  and  the  remaining  pressure  gage  are  connected 
to  the  main  on  the  holder  side  of  the  butterfly  valve,  and  indicate  the  pressure 
carried  there.  Under  normal  operation  it  is  obvious  that  the  pen  of  the  gage 
should  not  vary  from  one  position.  If  it  does,  it  shows  improper  working  of 
the  butterfly  valve  or  a  shutdown  at  the  engines  and  gas  supply  cut  ofC  This 
recording  gage  has  since  been  placed  in  the  gas-blowing  engine  house. 

The  remaining  glass  tube  indicates  the  pressure  between  the  butterfly  valve 
and  Thelsen  washer.  It  has  little  or  no  effect  on  operating  conditions,  but 
shows  the  pressure  which  is  built  up  by  the  Theisen. 

The  following  list  of  duties  is  framed  and  hung  up  in  the  Theisen-washer 
building: 

1.  Change  chart  on  24-hours*  pressure  at  6  p.  m. 

2.  Test  automatic  "  low-gas  "  signal  each  day  while  12-hour  chart  is  off  and 
when  necessary  to  fill  with  water  so  that  whistle  blows  at  2-inch  gas  pressure. 

3.  Test  signal  whistle  at  gas-engine  house  every  12  hours  and  boiler  house 
at  6  p.  m. 

4.  Drain  water  from  gas  main  at  tunnel  and  downlegs  of  by-pass  valves  each 
12  hours. 
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5.  Clean  Crawford  valve  each  12  hours. 

6.  On  closing  down  washers  for  any  length  of  time,  drain  all  water  pipes, 
etc.,  to  prevent  freezing. 

7.  When  starting  washer  after  a  long  shutdown,  let  gas  pass  throng  siystem 
out  of  bleeder  for  15  minutes  before  allowing  engines  to  use  it 

8.  Do  not  give  O.  K.  signal  to  start  gas  engines  until  engineer  in  power  house 
has  called  up  on  t^ephone  to  say  that  bleeders  are  dosed. 

9.  When  we  have  *'  low  gas  "  at  gas  washer  and  the  electric  engines  are  to  be 
shut  down,  they  are  to  be  shut  down  by  pulling  out  ignition  switch. 

Considering  the  system  as  a  whole,  changes  will  doubtless  be  made  from 
time  to  time  as  their  necessity  becomes  apparent,  in  order  to  decrease  the  pos- 
sibilities of  accidents,  but  as  it  now  stands,  those  concerned  in  the  control  and 
maintenance  of  the  gas  supply  appear  to  work  harmoniously  and  to  handle 
the  "  low-gas  proposition  "  satisfactorily  and  intelligently. 

METHOD  XrSED  AT  ANOTHER  PLANT. 

Another  method  is  described  in  brief  by  Freyn,*  in  the  Transac- 
tions of  the  American  Society  of  Mechanical  Engineers,  as  follows: 

The  power  house,  gas-washing  plant,  and  blast-furnace  office  were  connected 
by  two  independent  telephone  lines,  and  recording  instruments,  in  addition  to 
ordinary  U -tubes,  were  Installed  in  the  washer  building  and  at  the  blast-furnace 
office,  so  that  not  only  may  the  gas  pressure  be  observed  at  any  time  but  it  is 
automatically  recorded  for  each  period  of  24  hours.  Moreover,  an  automatic 
alarm  was  installed  at  the  blast-furnace  office,  which  rings  a  bell  as  soon  as  the 
gas  pressure  in  the  raw  gas  descends  below  a  certain  danger  point,  and  whistle 
signals  operated  by  solenoids  from  the  blast-furnace  office  were  provided  in 
the  boiler  house  to  inform  the  head  fireman  of  the  number  of  boilers  to  be 
"  taken  off "  or  put  on  gas.  In  addition  an  automatic  bell  was  placed  in  this 
boiler  house,  calling  the  operators'  attention  to  any  drop  below  normal  in 
the  gas  pressure. 

Independently  of  the  blast-furnace  department,  the  gas-cleaning-plant  oper- 
ators were  also  carefully  watching  the  gas  pressure.  The  position  of  the  gas- 
holder bell  was  made  visible  at  any  time  by  a  system  of  incandescent  lamps  in 
the  washer  house,  and  strict  orders  regarding  the  use  of  the  gas  were  issued 
by  the  blast-furnace  superintendent,  instructing  the  men  to  favor  the  gas 
engines  under  any  circumstances,  as  it  was  fully  recognized  that,  having  taken 
care  of  the  requirements  of  the  hot-blast  stoves,  the  remaining  gas  could  not 
possibly  be  more  efficiently  utilized  than  in  the  gas  engines.  The  practice  was 
to  shut  off  the  gas  immediately  at  a  certain  number  of  gas-fired  boilers,  as  soon 
as  the  pressure  in  the  overhead  gas  flue  dropped  below  a  predetermined  point 
Additional  boilers  were  taken  off  if  the  gas  pressure  did  not  recover,  so  that 
sometimes  as  many  as  24  boilers  were  being  fired  by  coal  exclusively.  If  this 
did  not  have  the  desired  result,  stoves  were  taken  off  for  short  periods  to  In- 
crease the  gas  pressure  above  the  danger  point.  At  last,  if  all  the  steps  did 
not  improve  the  situation,  one  or  more  gas  engines  were  shut  down.  Fortu- 
nately in  the  majority  of  cases  the  blast-furnace  operators  know  in  advance 
if  the  gas  supply  is  likely  to  fail,  and  communication  could  easily  be  established 
to  warn  the  departments  concerned  of  the  impending  gas  shortage. 

The  system  of  close  observation  and  of  cooperation  among  the  d^mrtmenti 
concerned  worked  to  perfection,  but  nevertheless  conditions  existed  at  times 

•Freyn,  H.  J.,  Operating  ezp^rlencee  with  a  blast-famace  power  plant:  Tnuu.  An 
Soc.  Mech.  Eng.,  vol.  32,  1910,  pp.  868. 
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which  with  all  due  optimism  had  to  be  called  dangerous.  It  was  frequently 
necessary  to  keep  several  gas  engines  mnning,  with  the  gas  pressure  dropping 
below  the  danger  point  momentarily  or  even  for  periods  of  a  few  minutes.  This 
was  unavoidable  If  the  operation  of  certain  departments  dependent  upon  a  sup- 
ply of  ^ectric  power  was  to  be  maintained  with  any  regularity.  If  the  gas 
engines  had  been  shut  down  every  time  a  momentary  drop  in  pressure  occurred, 
it  would  often  have  meant  an  endless  amount  of  shutting  down  and  starting  of 
engines,  altogether  too  frequent  for  satisfactory  operation  of  the  mills  and 
physically  Impossible  for  the  gas-engine  operators. 

AUTOXATIC  APPIJAHCBS  TO  BEOTTLATB  THE  FLOW  07  GA8. 

The  exclusive  use  of  automatic  appliances  to  regulate  gas  is  unsat- 
isfactory for  several  reasons.  Such  devices  are  never  fool  proof, 
and  from  various  causes  may  work  at  unexpected  times  or  may  fail 
to  work  at  a  critical  moment  when  dependence  has  been  placed  on 
them.  Among  the  various  types  in  use  are  automatic  circuit 
breakers  that  stop  the  washer  and  at  the  same  time  break  the  ignition 
circuit  on  engines,  butterfly  valves  on  the  mains  that  automatically 
open  and  close  with  varying  gas  pressure,  and  check  valves  to  pre- 
vent back  flow  in  downlegs  to  gas  burners  or  in  gas  mains.  The 
employment  of  a  responsible  man  at  each  shift  who  through  experi- 
ence knows  whether  any  pressure  drop  in  the  mains  will  be  only 
incidental  and  brief,  being  caused,  for  instance,  by  casting,  or  from 
the  characteristic  fluctuations  of  the  gas  flow  from  the  furnaces,  is 
much  safer  and  incomparably  more  satisfactory  than  depending 
entirely  on  automatic  safety  appliances.  In  case  of  occasional  or 
somewhat  frequent  drops  in  the  gas  pressure  the  woridng  of  these 
safety  appliances  might  shut  down  the  engines  so  frequently  that  it 
would  be  physically  impossible  for  the  engine  crew  to  keep  them  run- 
ning; also,  the  automatic  closing  of  butterfly  valves  might  cause  very 
serious  accidents  at  the  stoves  or  boilers  when  the  valves  again  opened, 
if  a  rush  of  gas  should  arrive  at  the  burners  before  sufficient  time  had 
elapsed  for  the  men  to  assume  control  of  putting  the  gas  on  again. 
Similarly,  strict  operation  of  the  boilers,  according  to  signals  auto- 
matically operated  by  gas  pressure,  would  be  impossible  under  many 
c(mditions  of  furnace  operation.  Such  signals  are  chiefly  useful 
as  warnings  and  indicating  the  need  of  watchfulness.  Placing  con- 
trol of  gas  at  the  burners  under  a  responsible  person  who  can  judge 
wheUier  shutdowns  are  necessary  is  in  the  end  most  satisfactory, 
as  stove  tenders  and  the  boiler-house  crew  will  follow  instructions 
and  recognize  the  necessity  of  compliance  with  signals  coming  from 
a  competent  gage  man,  whereas  repeated  and  annoying  signals  and 
interruptions  from  automatic  valves,  bells,  or  whistles  vnll  be  fre- 
quently disr^arded,  only  to  result  disastrously  some  day  when  com- 
pliance with  the  signal  is  essential  to  avoid  accident. 
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Where  the  cleaning  plant  consists  of  tower  or  impinging  wadiers 
alone,  no  rotary  cleaner  or  fan  being  used,  the  putting  on  and  taking 
off  of  boilers  and  stoves  is  usually  controlled  by  the  furnace  blower, 
who  can  be  provided  with  a  pressure  gage  and  signal  whistle  to  the 
boiler  house  at  a  place  convenient  to  the  engine-room  whistle  switch 
and  snort- valve  lever  or  wheel.  The  control  of  gas  with  this  type  of 
washer  is  not  greatly  different  from  control  of  gas  direct  to  stoves 
and  boilers  from  the  dust  catcher. 

BLOWDTG  nr. 

CAUSES  OF  EXPLOSIONS  AT  BLOWINO  IK. 

There  have  been  severa.  explosions  of  gas  at  blast-furnace  plants 
on  blowing  in.  The  critical  point  in  this  operation  lies  in  the  neces* 
sity  of  bringing  the  gases  down  from  the  furnace  top  to  the  gas 
burners.  This  operation  is  made  comparatively  simple  at  plants 
having  one  or  more  furnaces  already  in  operation,  as  gas  from  the 
mains  can  be  sent  up  through  the  dust  catcher  and  downcomer  to  the 
furnace  top,  displacing  the  air,  and  when  a  good  flow  of  gas  is  com- 
ing off  at  the  top  bleeders  the  bleeders  may"  be  closed,  forcing  the 
gas  from  the  furnace  just  blown  in  down  into  the  mains. 

SPONTANEOUS  EXPLOSION  OF  OAS  KIXTUBBB. 

At  isolated  furnaces,  however,  the  problem  is  not  as  simple  and 
the  work  of  bringing  the  gas  down  causes  much  anxiety,  owing  to 
the  dread  of  an  explosion.  Some  furnace  men  believe  that  furnace 
gas  and  air  will  ignite  or  explode  spontaneously  at  such  times,  that 
is,  explode  in  the  direct  absence  of  fire  or  other  igniting  mediunt 
Three  explosions  at  blowing  in  occurring  within  recent  years  have 
already  been  mentioned,  in  which  the  circumstances  and  the  testi- 
mony of  witnesses  pointed  to  spontaneous  combustion  as  the  cause. 
It  is  realized  that  persons  at  fault  in  these  cases  may  have  omitted 
to  mention  to  their  superintendent  contributing  causes,  but  the 
writer,  at  least,  regardless  of  whether  spontaneous  or  catalytic  igni- 
tion of  gas  mixtures  can  or  can  not  take  place,  is  unable  to  offer  any 
explanation  other  than  spontaneous  ignition* 

In  two  of  the  accidents  mentioned  the  gas  upon  being  brought 
down  into  the  dust  catcher  exploded  within  it,  in  one  case  l^feakiiig 
the  dust-bell  lever  and  in  the  other  doing  no  damage.  In  the  latter 
case  it  is  stated  a  bleeder  at  the  end  of  the  gas  main  at  the  boiler  was 
open,  no  burners  were  open,  there  was  no  fire  near  the  mains,  and 
gas  had  not  appeared  at  the  gas-line  bleeder.  The  explosion  oc- 
curred within  a  minute  of  closing  the  bleeders  on  top  and  opening 
the  bleeder  at  the  end  of  the  boiler  gas  mains.    The  other  case 
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occurred  in  almost  exactly  the  same  manneT,  except  that  steam  had 
been  turned  into  the  dust  catcher  at  the  instant  of  bringing  the  gas 
down. 

The  third  explosion  mentioned  resulted  in  splitting  the  furnace 
jacket  above  the  stock  line.  The  gas  had  just  been  turned  into  the 
boilers  and  the  men  were  about  to  turn  it  into  a  stove. 

As  a  rule,  the  men  who  believe  such  explosions  result  spontaneously 
belong  to  the  older  school  of  furnace  men,  with  a  few  converts  to  the 
theory  among  the  younger  group,  conversion  having  been  effected  by 
experience  or  direct  testimony.  One  furnace  man  who  had  an 
unexplainable  gas  explosion  of  this  type  years  ago  now  follows  the 
practice  of  blowing  a  considerable  volume  of  cold  air  through  the 
furnace  after  it  is  filled  and  before  it  is  lighted  in  order  to  blow 
out  any  loose  dust  and  fine  ore  which  otherwise  would  presumably 
be  blown  out  when  the  furnace  is  lighted  and  the  blast  put  on.  He 
attributes  this  type  of  explosion  to  the  presence  of  these  fine  dusts. 
This  is  cited  -as  an  illustration  of  the  very  real  belief  in  these  explo* 
sious  being  caused  by  spontaneous  combustion. 

BRINGING  GAS  DOWN  WITH  BELLS  OPEN. 

A  second  cause  of  such  explosions  is  found  in  taking  the  gas  down 
to  the  burner  and  having  the  bells  on  top  open,  either  inadvertently 
or  by  design.  Two  accidents  have  been  noted  which  occurred  in  this 
manner,  one  resulting  in  blowing  up  the  dust  catcher  and  the  other 
in  bursting  a  gas  main.  In  these  cases  the  draft  in  the  stove-chimney 
stack  was  sufficient  to  draw  air  in  about  the  bell,  where  it  mixed  with 
gas,  and  the  mixture,  on  arriving  at  the  burners,  back-fired  and  ex- 
ploded. 

BRINGING  GAS  DIlhSCT  TO  STOVES  OR  BOILERS  CONTAINING  A  FIRE. 

A  third  dause  is  in  taking  the  gas  down  from  the  furnace  top 
directly  to  boilers  or  stoves  in  which  there  is  a  fire  burning.    A  some- 
what recent  explosion  resulted  in  this  manner.    In  this  instance 
steam  was  turned  into  the  dust  catcher,  the  bells  and  bleeder  on 
top  shut  simultaneously,  a  boiler  burner  opened  over  a  lively  coal 
fire  on  the  grates,  and  the  gas  led  in.    The  burner  back-fired  and  the 
resulting  explosion  blew  up  a  small  auxiliary  dust  catcher  about  100 
feet  from  the  burner.    Kepairs  were  effected,  the  blast  was  again  put 
h  the  furnace,  the  same  procedure  followed,  and  the  dust  catcher 
was  again  blown  up.    The  third  time  steam  was  led  into  the  dust 
catcher  several  minutes  before  gas  was  brought  down,  and  when 
steam  appeared  at  the  bleeder  the  gas  was  brought  down  to  the 
burner  without  difficulty.    It  is  to  be  emphasized  that  the  use  of 


1 


130         BLAST-FUBVACE  BBBAK0X7TO,  EXPLOSIOKfi,  AND  BLIP8. 

Bteam  in  itself  may  not  prevent  accident,  because,  at  48^  C,  gas  satu- 
rated with  water  Tupor  or  steam  (not  entrained  moisture)  is  at  a 
maximmn  of  explosibility.  Steam  should  ratiier  be  used  witii  the 
idea  of  interposing  a  blanket  or  cushion  of  steam  between  tlie  air  and 
the  ga&  An  accident  resulting  from  the  same  practice — that  is,  lead- 
ing gas  directly  into  a  boiler  haying  a  fire  in  it— occurred  several 
years  ago,  with  disastrous  consequences,  gas  mains  and  dust  catchers 
being  blown  to  pieces  and  a  spectator  killed. 

This  practice  is  followed  quite  widely,  and  rests  on  the  assumption 
that  the  gas  sweeps  the  air  bodily  out  of  the  mains,  and  that  there  is 
no  mingling  of  air  and  gas  except  at  the  face  of  the  gas  and  air.  It  is 
probable  that  there  is  no  sharp  line  of  demarkation  betwe^i  the  gas 
and  air  currents,  and  that  at  times  the  gas  pushes  ahead,  owing  to  its 
higher  temperature  and  tendency  to  travel  along  the  top  of  the  gas 
main,  while  the  cold  air,  being  of  heavier  density,  tends  to  travel 
along  the  bottom,  to  say  nothing  of  the  opportunity  afforded  for 
mixing  of  air  and  gas  in  the  dust  catcher.  Obviously,  the  greater  the 
velocity  of  the  gas  current  at  this  time  the  more  completely  is  the  air 
swept  out.  For  this  reason  it  is  the  practice  at  Gome  plants  to  turn 
the  blast  at  nearly  full  pressure  into  the  furnace  just  before  and 
while  the  gas  is  being  brought  down,  in  order  to  get  a  good  sweq) 
of  gas.  Such  a  method,  however,  does  not  offer  the  best  possibility 
of  immunity  from  explosion,  and  it  is  better  to  allow  the  gas  to 
escape  from  the  far  end  of  the  gas  main  through  a  bleeder,  explosion 
door,  or  manhole  door,  or  cold  boiler,  until  gas  is  coming  in  good 
volume  rather  than  immediately  leading  it  over  a  fire. 

BUILDINO  FIRES  IN  OAS  MAINS. 

A  method  of  taking  the  gas  down  followed  a^  a^ j^ew  plants  where 
the  gas  is  conveyed  to  boilers  and  stoves  by  an  ud4^rground  gas 
main  is  to  build  a  large  wood  fire  in  this  main,  under^e  manhole 
nearest  the  gas  downtake  to  the  underground  maim  'ishis  fire  is 
left  burning  strongly  and  the  gas  is  brought  down  into  a(6  main, 
over  the  fire,  and  thence  to  the  burners.  At  one  plant  whd^  this 
practice  is  followed  there  is  a  belief  that  cold  damp  air  in  the\main 
when  mixed  with  gas  will  explode  spontaneously.  The  essentiaridea 
of  the  fire  is  probably  not  to  heat  the  main,  but  to  push  up  a  curi^^ 
of  inert  gases,  CO,  and  N,,  into  the  mains  from  the  undergroiiPd 
main  to  the  furnace  top,  so  that  inflammable  furnace  gas,  whe^ 
brought  down,  will  arrive  at  the  fire  unmixed  with  air.  It  is  ob^ 
served  that  the  gas  extinguishes  the  fire,  and  a  sheet  of  flame  sweeps 
up  the  main  ahead  of  the  gas,  burning  out  the  air  in  the  main,  until 
it  finally  arrives  at  the  burners.  In  one  instance  a  violent  explo- 
sion, probably  caused  from  an  inadequate  fire  or  too  much  air  being 
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admitted  to  the  fire  and  mixing  with  the  gas,  occurred  and  blew  np 
the  underground  main  along  half  its  length.  A  variation  of  this 
me&od  is  to  build  up  a  lai*ge  bed  of  burning  coals,  then  close  all 
manholes  and  wait  about  30  minutes  before  bringing  the  gas  down. 
Both  of  these  methods  are  too  hazardous  to  be  undertaken  by  any 
except  men  having  previous  experience  with  the  details  of  time 
intervals  and  practice. 

snumNo  OFF  the  blast. 

An  infrequent  source  of  explosions  is  when,  shortly  after  the  gas 
has  been  brought  down  and  is  at  the  burners,  the  blast  has  to  be 
taken  off  in  consequence  of  some  mishap.  If  more  than  one  furnace 
is  on  the  gas  line  no  danger  is  introduced,  if  care  is  taken  to  keep  the 
gas  pressure  up,  but  if  only  one  furnace  is  in  Operation  an  explo- 
sion may  occur  imless  stringent  precautions  are  taken  to  prevent 
air  entering  the  main.  In  one  instance  where  a  furnace  was  taken 
off  suddenly  about  two  hours  after  the  gas  had  been  turned  into 
the  boilers  and  stoves  and  while  the  men  were  on  the  bustle  pipe 
repairing  the  water  supply,  the  dust  catcher  exploded,  throwing 
them  from  the  pipe  to  the  cast-house  floor.  It  is  not  known  how 
the  explosion  was  started  as  the  gas  temperatures  were  low,  but  as 
one  burner  was  left  open  and  the  furnace  bell  was  opened,  the  mixing 
of  air  and  gas  is  apparent,  the  point  being  that  air  should  not  at  such 
times  be  admitted  to  the  mains  or  furnace  top.  The  blast  should  be 
kept  on  at  all  cost  and  a  positive  gas  pressure  maintained. 

XETHOBS  OF  BLOWING  IN  PBACTICED  AT  18  PLANTS. 

The  point  has  been  expressed  by  several  furnace  men  that,  in  view 
of  the  variation  in  methods  of  blowing  in  furnaces,  the  Bureau  of 
Mines  could  be  of  service  by  compiling  and  publishing  a  number 
of  methods  of  blowing  in.  Accordingly  there  are  tabulated  herewith 
18  methods  of  operation : 

PLANT   1. 

As  soon  as  a  farnace  Is  filled  and  ready  to  be  lit  we  light  all  the  tuyeres  and 
leave  the  sight  caps  open  and  also  the  relief  valve  on  the  bustle  pipe.  One 
engine  (84  by  60  inches)  is  put  on  at  14  revolutions  and  is  kept  on  until  all 
the  wood  is  burned,  which  takes  about  two  hours;  the  sight  caps  and  relief 
valve  are  then  closed.  The  bells  are  left  open  for  about  10  hours  and  the 
bleeder  for  about  24  hours.    The  gas  is  turned  into  the  flues  after  24  hours. 

PLANT   2. 

If  a  single  furnace  and  not  connected  to  another  furnace,  have  the  top  bells 
and  bleeders  open.  Have  all  openings  on  the  gas  mains  or  flues  closed  except 
at  tlie  end  of  the  main,  and  aUow  no  gas  to  boilers  or  stoves  untU  you  are 
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ready  for  It  Be  sure  that  all  valves  are  made  tight  by  sand  or  some  other 
sure  way  If  you  do  not  have  water  valves.  When  ready  to  light  the  furDace 
have  the  engine  going,  turn  the  blast  on  the  furnace,  and  light  by  means  of  hot 
rods.  After  a  good  flow  of  gas  is  coming  out  of  the  top,  close  the  brfls ;  this 
will  force  gas  out  of  the  bleeders,  throughout  the  mains,  and  out  the  end  of 
mains  to  the  air.  Allow  this  to  continue  for  sufficient  time  to  clear  all  mains  of 
air,  then  light  the  gas  at  a  stove  or  boiler  farthest  away.  Be  sure  to  keep 
gas  away  from  the  fire  until  satisfied  everything  is  O.  K.  If  the  furnace  is 
connected  to  a  group  of  furnaces,  when  ready  to  light  the  furnace  open  a  gas- 
seal  valve  and  allow  gas  from  other  furnaces  to  drive  all  air  out  of  mains  and 
out  of  top  and  through  the  stock  in  the  furnace,  the  top  being  open.  When 
satisfied  the  air  is  driven  out,  open  the  blast  valve  from  the  engine  and  ignite 
the  furnace  with  hot  rods  through  the  peep  holes.  After  the  furnace  is  lighted 
for  a  short  time  and  gas  permitted  to  escape  from  the  top  into  the  air,  dose  the 
top  and  go  ahead,  using  gas  at  stoves  and  boilers. 

PLANT   S. 

The  furnace  is  filled,  according  to  standard  methods,  with  coke  to  dnder- 
notch  level,  scaffold  to  top  of  coolers,  kindling  wood  under  scaffold,  and  about 
three  tiers  of  cordwood  on  top  of  scaffold ;  th^n  about  100  tons  of  coke  is  put 
in  before  any  ore  is  used.  The  first  ore  charge  consists  of  about  1  part  ore 
to  2  parts  coke ;  then  we  put  in  six  charges  at  a  ratio  of  about  1  to  1  and  finish 
filling  with  a  burden  having  a  ratio  of  1.25  parts  ore  to  1  part  coke. 

We  usually  blow  in  on  5-inch  tuyeres,  of  which  half  are  open  and  the  rest 
banked,  and  start  up  on  about  15,000  cubic  feet  of  air  per  minute,  and  this 
volume  is  blown  for  about  15  minutes,  or  long  enough  to  get  the  furnace  started 
nicely,  when  the  volume  is  reduced  to  10,000  cubic  feet  -per  minute,  which  is 
increased  by  1,000  cubic  feet  every  three  hours  until  18,000  cubic  feet  is  reached. 

The  tapping  hole  is  left  open  and  blown  through  until  coke  appears,  which 
is  usually  in  about  six  hours.  The  bleeders  and  explosion  doors  on  the  offtake 
are  left  open,  and  the  valves  to  the  gas  line  are  closed,  and  when  we  are  ready 
to  turn  gas  down  to  the  stoves  all  valves  but  one  are  opened,  all  explosion  doors 
except  one  are  closed,  all  dust  pocket  bells  are  opened  slightly  to  allow  any 
air  to  escape,  and  a  good  wood  fire  is  burning  in  the  stoves. 

After  these  preliminary  preparations  are  arranged  and  the  pressure  of  gas 
on  top  of  the  furnace  Is  sufficient  the  last  valve  is  slowly  opened,  driving  all  air 
ahead,  and  gas  ignites  at  stove  burner,  when  the  remaining  explosion  door  on 
top  is  closed,  and  the  other  stoves  are  put  on  gas  as  soon  as  the  gas  pressure 
will  permit. 

The  gas  is  then  turned  down  to  boilers  in  the  same  manner,  care  being  taken 
that  the  number  of  boilers  is  not  too  great  for  the  quantity  of  gas  produced. 

PLANT   4. 

When  the  furnace  is  dry  and  cool  a  wooden  scaffold  is  built  in  the  furnace, 
composed  of  upright  posts  made  of  6  by  8  inch  timbers,  and  a  platform  on  top 
of  posts  is  made  of  3  by  12  inch  plank  spaced  about  3  inches  apart.  The  distance 
from  the  top  of  the  scaffold  to  the  center  line  of  the  tuy^ea.  is  15  inches. 

A  manhole  3  feet  wide  by  4  feet  long  is  left  in  the  center  of  scaffold  to 
pass  wood  up  through.  On  top  of  the  scaffold,  around  each  tuyere,  is  built  a 
box  24  inches  wide,  30  inches  high,  and  36  inches  long,  made  of  seven  2  by  2 
inch  strips.    These  boxes  are  filled  with  shavings.    A  wooden  plug  5  f^et  long. 
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5  indies  thick,  and  tapered  down  to  2i  inches  Is  placed  in  the  ti^^ing  hole  and 
packed  around  with  clay  to  form  the  tapping  hole.  Two  feet  of  cinder  is  placed 
on  bottom  of  the  hearth  and  the  hearth  filled  in  with  coke  to  the  level  of  the 
dnder  notch. 

Fine  wood  is  piled  on  the  scaffold  to  about  6  inches  above  the  top  of  the 
coolers;  above  this  cordwood  is  piled  three  tiers  high,  standing  the  wood  on 
end,  and  the  manhole  closed  with  heavy  pieces  of  wood.  The  bottom  underneath 
the  scaffold  is  filled  with  fine  wood.  The  cool^,  small  cooler,  and  "  monkey '' 
are  placed  in  the  cinder  notch. 

The  furnace  is  filled  with  30  skips  of  coke  and  no  limestone,  then  4  skips  ot 
coke  and  2,500  pounds  of  limestone  10  times.  Then  about  20  per  cent  burden  is 
used  for  about  10  charges,  and  the  ore  gradually  increased  about  every  10 
charges  to  full  weight,  although  the  full  burden  is  never  on  the  furnace  before 
12  to  14  days  after  lighting  furnace. 

When  blowing  in  a  very  light  wind  is  used  until  wood  is  burning  good  in  the 
furnace.  This  is  accomplished  by  running  the  engines  very  slow  and  with  the 
snort  valve  wide  open.  In  about  three  hours  13,000  cubic  feet  of  air  is  on  the 
furnace  with  the  snort  valve  shut.  The  blast  is  increased  about  700  cubic  feet 
per  hour  to  about  80  p^  cent  of  the  full  volume,  depending  on  the  size  of  the 
furnace.  Our  system  is  to  light  the  furnaces  about  4  to  5  p.  m.  and  turn  gas 
into  main  on  the  next  morning. 

After  the  furnace  lining  is  dried  out  as  well  as  possible  a  wood  scaffold  is 
built  in  the  furnace  about  2  feet  6  inches  above  the  center  line  of  the  tuyere. 
This  consists  of  a  double  thickness  of  2  by  6  Inch  maple  on  four  cross  girders 
of  8  by  8  inch  pine,  resting  on  sixteen  8  by  8  inch  pine  posts  8  feet  B  inches  long. 
In  the  center  of  the  scaffold  an  opening  about  2  feet  square  is  left  through  which 
to  pass  wood.  On  top  of  the  scaffold  are  pile^  4-foot  lengths  of  dry  pine  in 
three  tiers,  and  on  end,  making  12  feet  of  wood  above  the  scaffold.  The  hearth 
below  the  scaffold  is  then  filled  with  dry  kindling  wood,  with  shavings  around 
the  tuydres. 

The  preliminary  charging  of  the  furnace  is  then  done,  as  follows : 

30,000  pounds  of  coke,  600  pounds  of  "  spiegel  •*  cupola  slag. 

15,000  pounds  of  coke,  000  pounds  of  stone. 

800  pounds  of  **  spiegel  '*  cupola  slag,  15,000  pounds  of  coke. 

150  pounds  of  limestone,  500  pounds  of  "  spiegel "  cupola  slag. 

15,000  pounds  of  coke,  800  pounds  of  limestone. 

700  i)ound8  of  **  spiegel "  cupola  slag,  15,000  i>ounds  of  coke. 

400  x)ounds  of  limestone,  400  pounds  of  "  spiegel  *'  cupola  slag. 

15,000  pounds  of  coke,  900  pounds  of  limestone. 

The  furnace  now  stands  ready  to  light,  with  4i  by  12  inch  tuyeres  in  place, 
blowpipes  down,  bell  shut,  bleeder  valve  open,  and  downcomer  valve  shut 

The  shavings  at  the  tuydres  are  now  soaked  with  oil  and  the  torch  applied 
at  all  tuyeres,  care  being  taken  to  have  the  burning  uniform  all  around.  In 
two  or  three  hours  the  scaffold  inside  will  fall  and  bright  coke  will  show  at  the 
tuyeres.  Soon  aftor  this  the  blowpipes  are  put  up  and  the  furnace  fanned 
lightly  by  running  one  blowing  engine  slowly  with  the  snort  valve  open,  produc* 
Ing  only  a  few  ounces  blast  pressure  on  the  furnace.  After  standing  under  this 
light  draft  for  about  12  hours  the  snort  valve  is  closed  and  the  furnace  takes 
ull  the  blast  from  the  engine,  which  at  th^  start  is  about  3,300  cubic  feet  per 
minute,  or  10  per  cent  of  the  full  blast  With  the  other  furnace  In  blast  when 
blowing  in,  the  initial  blast  temperature  at  the  tuyeres  will  be  about  800**  F. 
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When  one  furnace  is  already  In  blast  all  the  gas  from  the  furnace  blowing  In 
passes  out  of  the  bleeder  nntll  after  the  first  cast,  when  the  downcomer  valTe 
Is  opened,  allowing  the  gas  to  enter  the  underground  gas  flue  and  mix  with 
the  gas  from  the  other  furnace.  When  one  furnace  remains  out  of  blast  the 
gas  from  the  furnace  blowing  In  is  sent  out  of  the  bleeder  until  the  wood  gas  is 
gone  and  rich  coke  gas  appears  at  the  bleeder.  All  gas  outlets  in  the  under- 
ground flue  are  closed  except  to  the  boiler  at  the  extreme  end  of  the  flue.  The 
downcomer  valve  is  then  opened  and  the  gas  is  lighted  under  the  farthest  boiler. 
When  this  is  burning  safely  gas  is  turned  into  the  other  boilers  and  then  into 
the  stoves. 

The  cold-air  mixer  valve  is  kept  shut  while  blowing  in.  The  bell  is  kept  shut 
and  no  charging  is  done  from  the  time  the  furnace  is  lighted  to  the  time  the 
snort  valve  is  closed  and  the  blast  is  put  on  the  furnace. 

Immediately  after  the  blast  is  put  on  charging  is  resumed  and  the  burden  is 
gradually  increased,  full  burden  being  reached  about  five  days  after  the  fur- 
nace is  lighted.  After  the  blast  is  put  on  the  volume  is  increased  about  600 
cubic  feet  every  t^vo  hours  up  to  9,200  cubic  feet  and  then  increased  300  cubic 
feet  after  each  cast  up  to  full  blast 

It  is  aimed  to  bring  the  furnace  in  hot  and  limy.  No.  1  furnace  was  blown 
In  as  per  the  above  schedule  and  it  was  a  successful  **  blow-In  ••  in  every  way. 

PLANT  6, 

After  cordwood  is  placed  and  coke  and  limestone  are  charged,  the  stocfe  line 
is  about  40  feet  down.  Both  the  large  and  the  small  bell  are  blocked  opai; 
the  water-seal  valves  on  each  side  of  the  dust  catcher  are  dosed  and  the  dust- 
catcher  bell  valve  left  open ;  the  blowing  engine  started  turning  over  14  revolutions 
per  minute,  bleeder  and  snort  valve  open,  cold-blast,  hot-blast,  and*  mixer  Talves 
closed ;  cinder-notch  cooler  and'  intermediate  cooler  in  place,  with  the  monkey 
out ;  tuyeres  placed,  blowpipes  up,  and  caps  off ;  the  tapping  hole  is  left  open, 
and  sheet  iron  covered  with  sand  is  placed  over  the  iron  runner  from  the  tap- 
ping hole  to  the  first  spout  The  furnace  is  lighted  by  inserting  hot  iron  bars 
in  all  tuyeres.  From  three  to  four  hours  after  lighting,  ore  charging  is  started, 
and  when  the  stock  line  is  20  feet  down,  the  caps  are  placed  on  the  penstock, 
the  snort  valve  half  closed,  the  mixer  valve  opened,  and  the  dust-catcher  bell 
valve  is  closed.  As  soon  as  the  gas  coming  from  the  tapping  hole  will  burn 
it  is  lighted  and  i)ermitted  to  burn  until  the  hole  is  closed.  The  bells  are 
closed  about  10  hours  after  lighting.  When  incandescent  coke  appears  at  all 
the  tuyeres  the  snort  valve  is  closed,  usually  about  24  hours  after  lighting,  and 
the  speed  of  the  engine  is  increased  1  revolution  per  hour  until  the  engine  is 
running  at  21  revolutions  per  minute.  One  revolution  per  minute  is  equal  to 
about  740  cubic  feet  of  air. 

From  two  to  three  hours  after  closing  the  snort  valve  the  water-seal  valves 
are  opened  and  gas  allowed  to  go  to  the  stoves  and  boilers.  The  gas  is  first 
lighted  at  the  stove  and  boiler  farthest  from  the  furnace.  The  bleeder  is 
closed. 

When  cinder  appears  at  the  tapping  hole  the  snort  valve  Is  opened  and  the 
hole  is  closed,  usually  about  40  hours  after  lighting.  We  try  for  cinder  50  to 
52  hours  after  lighting  and,  depending  upon  the  amount  of  cinder  flushed,  we 
time  the  first  cast 

PLANT  7. 

The  scafl'old  Is  built  In  the  furnace  in  the  usual  way,  and  four  tiers  of  cord- 
wood  placed  on  it.     The  preliminary  charges  of  coke,  Umestone,  and  dag  are 
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pat  in,  and  the  furnace  is  llgiited  with  the  tnyftree  In  place  and  the  blowpipes 
down.  The  wood  is  permitted  to  bum  until  the  scaffold  falls,  when  the  blow- 
pipes are  put  In  place  and  the  blast  put  on  the  furnace  with  the  snort  valve 
partly  dosed.  Twelve  hours  after  the  scaffold  has  fallen  the  snort  valve  is 
closed  and  the  blast  is  increased  at  regpalar  periods.  Before  the  furnace  is 
lighted  all  bleeders  are  closed,  with  the  exception  of  those  on  top  of  the  fur- 
nace, whi<^  are  left  (^pen,  together  with  both  bells.  Steam  is  turned  into  the 
large  dust  catcher  and  kept  on  until  the  gas  is  led  into  the  common  gas  main, 
which  occurs  when  the  blast  pressure  on  the  furnace  is  between  3  and  4 
pounds.  When  the  gas  can  be  turned  into  the  main  system,  the  bleeders  are 
closed  on  top  and  the  water  valve  opened,  and  after  the  gas  has  entered  the 
main  the  steam  on  the  dust  catcher  is  turned  off.  No  changes  are  put  into  the 
furnace  while  the  blowpipes  are  down. 

PLANT  8. 

The  scaffold  is  built  18  inches  above  the  tuyeres,  a  6-inch  sj^ce  being  left 
between  each  two  planks.  Three  tiers  of  4-foot  eordwood,  placed  on  end,  are 
tlieu  built  upon  the  scaffold.  After  the  eordwood  is  all  in  the  furnace,  small 
pieces  of  wood  and  a  generous  quantity  of  kindling  are  placed  underneath  the 
scaffold  and  the  iron  notches.  After  the  wood  is  all  in  the  furnace,  the  follow- 
ing blanks  of  coke»  limestone,  and  furnace  slag  are  charged : 

Initial  furnace  charge. 


BlaokBofooke. 

Coko. 

Lime- 
stone. 

Sla«. 

12 

Pomft4t. 

100,800 
67,200 
33,600 
33,600 

Pcmnis. 

Poundt. 

4 

10,480 
6,240 
5,240 

4 •. 

4,800 
9,600 

4 

235,200 

20,960 

14,400 

Before  the  furnace  is  lighted  the  goosenecks  are  keyed  up  tight.  The  tuy toes 
are  put  in  place  and  securely  braced  by  wedging  2  by  4  inch  timbers  between 
them  and  the  goosenecks.  This  precaution  is  observed  in  order  to  minimize 
the  danger  of  hot  coke  being  ejected  in  event  of  a  gas  explosion.  Kerosene 
is  injected  at  each  tuytoe  opening  and  the  cinder  and  iron  notches.  The 
furnace  is  then  lighted  by  means  of  flambeau  torches  through  each  of  these 
openings.  Both  bells  and  all  bleeders  on  top  of  the  furnace  are  opened  before 
lighting. 

About  an  hour  after  the  furnace  is  lighted  and  the  scaffold  begins  to  fall, 
the  first  regular  round  of  coke,  stone,  and  ore  is  charged.  Each  /successive 
diarge  of  cokc^  stone,  and  ore  follows  at  intervals  of  one  hour  until  the  stock 
is  up  to  20  feet 

As  soon  as  red-hot  coke  appears  at  the  tuyeres,  the  openings  are  plugged  with 
clay  and  a  d-inch  opening  left,  and  the  furnace  permitted  to  burn  under  natural 
draft  for  about  86  hours.  Clay  at  the  tuytoes  is  partly  removed  from  time  to 
time  to  ascertain  if  the  furnace  Ls  burning  properly.  Both  bells  and  all  the 
bleeders  are  left  open  between  the  charges  of  coke^  stone,  and  ore.  Whistle  sig- 
oals  are  blown  from  the  cast  house  before  a  charge  is  lowered  into  the  furnace 
to  warn  all  workmen  to  stand  dear.    At  the  end  of  36  hours  or  thereabouts  the 
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blowpipes  are  put  up  and  the  blast,  at  000*"  F^  la  put  on  at  the  rate  of  10,980 
cubic  feet  per  minute  and  increased  at  the  rate  of  <Hie  revolution  per  faour  until 
28  is  reached,  then  one  every  24  hours  up  to  50.  This  volume  is  maintained  fof 
about  two  months*  Gas  is  brought  down  to  the  stoves  and  boilers  two  to  three 
hours  after  the  blast  is  put  on.  Before  the  water  seal  is  enu»tied  the  bells  are 
opened.  The  seal  is  then  emptied  and  the  large  bell  is  closed  very  carefully. 
When  a  series  of  dry-dust  catchers  is  used  our  practice  has  been  to  inject 
steam  into  these  cleaners,  a  vent  being  provided  at  the  top  of  esich  betore  the 
gas  is  brought  down. 

PLANT  9. 

After  the  furnace  has  been  filled  preparatory  to  lighting,  which  Is  to  be  done 
so  as  to  handle  the  gas  on  the  day  shift,  the  water-seal  valve  is  filled  and 
allowed  to  overflow,  then  the  goggle  valves  are  opened  and  left  open«  The  steam 
is  then  turned  on  before  the  furnace  is  lighted  at  the  tuyeres  by  means  of  red- 
hot  rods  put  through  the  tuyere  stocks  and  blowpipes  (which  are  in  place)  and 
into  oiled  waste  and  shavings. 

If  the  lining  has  not  been  thoroughly  dried,  or  if  for  any  reason  it  is  desired 
to  heat  the  brickwork  very  slowly,  the  furnace  is  allowed  to  start  up  on  natural 
draft,  if  possible,  by  leaving  the  eyesight  plugs  out  or  the  caps  open,  with  the 
bells  and  furnace  bleeders  still  open. 

All  openings  from  the  top  of  the  furnace  to  the  water-seal  valve  are  kept 
closed.  If  the  furnace  does  not  light  on  natural  draft,  a  very  light  blast  Is  put 
on  by  closing  the  openings  in  the  stocks  and  closing  the  snort  valve.  After  the 
furnace  is  lighted  and  a  good  volume  of  gas  coming  off,  the  bells  are  dosed  and 
the  gas  permitted  to  escape  out  of  the  furnace  bleeders.  (This  applies  to  one 
furnace  only,  as  the  others  are  short  of  bleeder  capacity,  and  on  these  the  bells 
are  left  open  until  the  gas  is  "  pulled  down.") 

When  the  furnace  has  been  on  long  enough  to  form  a  good  coke  gas,  the 
water-seal  valve  is  opened  and  the  gas  in  the  common  main  beyond,  the  pres- 
sure in  which  has  been  built  up  by  closing  the  necessary  burners,  is  forced  up 
through  the  dust  catchers  and  downcomers,  driving  the  steam  ahead  of  it 
When  a  good  flow  of  gas  out  of  the  furnace  top  has  been  established,  the  bells 
are  closed  and  the  furnace  then  operated  as  usual. 

In  case  the  gas  produced  by  the  furnace  may  affect  the  gas  engines,  the 
operation  of  ** pulling  down"  is  delayed  until  better  gas  is  formed.  In  any 
case  one  or  two  of  the  furnace  bleeders  are  left  open  for  some  time,  so  as  to 
permit  part  of  the  furnace  gases  to  escape. 

PLANT  10. 

We  build  a  heavy  scaffold  with  2-inch  plank  floor  18  inches  above  the  tnydres, 
a  ^inch  space  being  left  between  floor  planks ;  fill  bottom  to  cbider  notch  with 
coitlwood  placed  on  end ;  put  two  tiers  of  cordwood  on  end  on  scaffold,  All  from 
cinder  notch  to  scaffold  with  kindling,  with  space  in  front  of  ea<*  tuyere  for 
shavings ;  block  the  tuyere  coolers  until  ready  to  light  the  furnace ;  and  then 
fill  the  furnace. 

Our  furnaces  are  entirely  separate,  and  stoves  on  one  furnace  can  not  be 
heated  with  gas  from  another  furnace. 

The  furnace  is  filled  to  within  20  feet  of  the  top.  Wie  distribution  inside  the 
furnace  is  examined. 

All  gas  burners  at  stoves  and  boilers  are  racked  ba(^,  and  the  whole  gas- 
main  system  is  shut  up  tight  from  the  top  of  furnace  to  the  ends  of  the  mainit 
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We  have  no  water  seal  or  spectaf le  TalT«8  at  either  furnace.  We  are  par- 
ticularly careful  to  prevent  gas  cmning  in  contact  with  flro  until  we  are  ready. 
On  stoves  we  seal  bnmer  door  from  tibe  time  fomace  Is  lighted  nntll  we  are 
leady  to  tnm  gas  Into  the  stoves.  At  No.  2  boiler  house,  blanks  are  put  in  the 
main ;  at  No.  1  boiler  honse  the  mnshroom  valves  are  closed.  In  addition  the 
openings  in  boll^  fronts  are  bricked  np,  and  sheet  iron  placed  over  end  of 
burners. 

An  bleeders,  explosion  doors  on  top,  and  both  bells  are  opened.  Steam 
through  2-Inch  line  is  tnmed  into  dtist  catcher  and  allowed  to  fill  the  mains, 
dust  catcher,  and  downcomer. 

Oily  shavings  are  put  inside  at  each  tuyere,  the  blowpipes  are  put  up,  the 
iron  hole  left  open,  the  cinder  notch  closed,  a  very  light  blast  put  on,  and  the 
furnace  lighted  at  each  tuyere.  After  one  hour  the  snort  valve  is  closed,  the 
cold-air  valve  of  stove  on  furnace  is  opened  one-half,  with  one  engine  running 
at  the  minimum  number  of  revolutions,  or  blowing  13,000  cubic  feet  per  minute. 

We  blow  in  with  5-inch  tuyeres  on  each  furnace,  increasing  these  gradually 
to  6  inches  on  No.  1  furnace,  and  to  7  inches  on  No.  2  furnace,  when  the  full 
blast  is  on.  Seven  hours  after  lighting,  by  which  time  the  wood  gas  is  prac- 
tically gone,  we  close  the  large  bell  and  enough  other  openings  on  top  to  give 
3  inches  of  water  pressure  in  mains.  We  then  open  the  doors  in  the  ends  of 
the  mains  and  the  pockets  at  gas  legs,  let  gas  and  steam  escape  freely,  care 
being  taken  to  insure  there  is  no  chance  of  ignition,  and  also  drain  all  the 
pockets  at  the  gas  legs.  We  then  turn  off  steam  and  repeat  above  with  gas 
aloDe. 

We  turn  gas  into  the  stove  nearest  furnace,  being  sure  of  3  inches  of  gas 
pressure  at  this  time,  and  then  into  the  other  two  stoves.  After  this,  as  fast 
as  the  gas  supply  increases,  we  give  it  to  the  boilers.  The  iron  hole  is  stopped 
with  the  blast  on  about  five  hours  after  lighting.  In  case  we  do  not  feel  it  neces- 
Bary  to  examine  distribution,  we  leave  blowpipes  down  and  All  only  to  within 
S5  feet  of  top.  After  lighting  at  tuyeres,  we  let  furnace  bum  with  natural 
draft  for  18  hours,  if  we  can  keep  all  tuyeres  burning  evenly.  In  this  case  we 
pne  three  tiers  of  cordwood  on  and  above  the  scaffold.  At  the  end  of  18  hours 
we  bring  gas  down  to  stoves  and  boilers  as  described  above.  The  volume  of 
blasts  burden,  and  other  furnace  data  are  shown  below : 

Data  on  hlowinff  in  furnace. 


Hour. 


1 

3 

3 

4 

13,000 

5 

6 

is^aoo 

7 

8 

B 

10 i 

u 

Volnme 

OfblMt, 

cubic 
feet  per 
minute. 


Engine 

speed, 

revc4u- 

tionspcr 

mJnnte. 


17 
18 
18 
90 

ao 

90 
90 
90 
90 


Blast 

presBure, 

pounds 

per 

square 

inch. 


0 
0 


12. 


20. 
21. 
23. 


Hour. 


Volume 
of  blast, 
cubic 
feet  per 
minute. 


13 ' 

14 

15 

16 ' 

17 

18 

ia                               1 

•  Snort  valve  open,  cold-air  vbIto  sllghUy  opened, 
fr  Snort  valve  closed,  cold-air  valve  ball  open. 


Engine 
speed, 
revolu- 
tions per 
mlnutew 


90 
90 
20 
20 
21 
21 
22 
22 
23 
23 
94 


Blast 

pressure^ 

pounds 

P«r 

square 

inch. 


n 
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On  the  last  l>low-in  the  first  flush  was  obtained  In  26}  hours,  the  second 
flush  in  28  hours,  and  the  first  iron  in  81  hours,  12}  tons  of  iron  containing 
3.68  per  cent  silicon  and  0.021  per  cent  sulphur  being  obtained.  Filling  subse- 
quent to  that  given  in  the  table  was  as  follows:  Ten  rounds  (25  per  cent 
Mesabi  ore),  with  a  burden  ratio  of  i  to  1;  0^ven  rounds  (50  per  cent  Mesabi 
ore)  with  a  burden  ratio  of  1  to  1;  seven  rounds  (50  per  cent  Mesabi  ore) 
with  a  burden  ratio  of  1.25  to  1 ;  seven  rounds  (50  per  cent  Mesabi  ore)  with 
a  burden  ratio  of  1.30  to  1 ;  the  ratio  was  increased  5  per  cent  each  seven  rounds 
until  a  ratio  of  1.75  to  1  was  reached,  which  was  58  hours  after  lighting 
furnace  with  25,000  cubic  feet  of  air  blowing  and  with  6-inch  tuyeres. 

PIANT  11. 

A  wooden  scaffold  is  built  Just  above  the  tuyeres  and  three  tiers  of  wood 
placed  on  top  of  this  scaffold,  then  the  bottom  of  the  furnace  is  filled  with 
wood.  We  then  start  filling.  When  sufficient  number  of  blanks  of  coke  and 
first  few  charges  of  ore  are  in,  we  light  the  furnace  (all  blowpipes  and  tuyeres 
l>elng  in  place  and  tapping  hole  closed)  by  turning  the  blast  on  through  a  hot 
stove.  Engine  is  kept  turning  over  slowly,  and  the  amoimt  of  blast  regulated 
with  the  snort  valve.  During  all  this  time  the  water  seal  is  filled  to  keep  the 
gases  from  the  balance  of  the  system  from  coming  back  and  mixing  with 
those  of  the  furnace  going  on.  The  bleeders  are  kept  open  (both  bells  closed) 
until  gas  can  be  lighted  on  top  of  the  bleeders  (which  requires  6  to  10  hours), 
then  the  gas  from  the  furnace  being  blown  in  is  turned  into  the  system. 
During  all  this  time  a  Jet  of  steam  is  kept  in  the  first  dust  catcher  and  gas 
main.  Blowing  in  is  done  with  tuydres  and  blowpipes  in  place,  which  elimi- 
nates any  danger  of  men  being  burned  when  scaffold  falls. 

PLANT  12. 

The  furnace  is  filled  as  follows :  First,  fine  kindling  wood  is  laid  on  the  bottom 
of  the  hearth  to  a  depth  of  3  or  4  feet.  This  wood  is  piled  vertically,  commenc- 
ing against  the  walls  at  four  equidistant  points.  When  these  piles  are  built 
out  to  within  about  2  feet  of  each  other  the  cross-shaped  space  between  them  Is 
filled  with  kindling  laid  flat.  One  of  the  ends  of  this  cross  Is  directly  In  front 
of  the  tapping  hole.  On  top  of  this  kindling  dry  cordwood  is  piled  on  end  to  a 
height  of  4  to  6  feet  above  the  tuyeres.  No  scaffold  is  built  in  the  furnace. 
Coke  and  limestone  are  charged  on  top  of  the  cordwood.  The  furnace  is  filled 
to  the  stock  line.  The  last  few  charges  contain  a  small  and  gradually  increas- 
ing amount  of  ore,  which  in  the  last  charge  filled  does  not  much  exceed  half 
the  weight  of  coke.  All  dust-catcher  and  gas-washer  bells  and  doors  are  closed, 
and  the  water  seal  connecting  the  furnace  with  the  gas  main  is  filled.  No 
openings  In  the  path  of  the  gas  from  the  top  of  the  furnace  are  permitted.  The 
bleeders  or  explosion  doors  on  top  of  the  furnace  and  both  bells  remain  open, 
so  as  to  give  all  the  vent  possible  for  gas  at  the  top  of  the  furnace  after  lighting. 

The  furnace  is  lighted  at  the  tapping  hole  with  a  coal-oil  torch  made  of  waste 
wrapped  around  the  end  of  a  bar  or  by  hot  blast  with  no  other  ignition.  Where 
hot  blast  is  available  its  use  for  lighting  is  preferred.  The  air  blown  is  de- 
livered by  one  engine  turning  over  as  slowly  as  possible.  The  amount  d^ivered 
to  the  furnace  is  at  first  a  mere  breath,  the  greater  part  going  out  the  snort 
valve.  The  blast  heat  used  at  this  time  is  not  above  900*  P.  Ck>ke  will  appear 
at  the  tuyeres  within  two  or  three  hours  after  lighting.  The  amount  of  blast 
is  gradually  increased  by  closing  the  snort  valve,  so  that  it  is  entirely  closed 
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in  about  15  to  18  hours  after  the  furnace  haa  been  lighted,  the  volume  of  air 
being  then  about.  9,000  cubic  feet  per  juinute.  This  amount  la  not  increaaed 
until  after  the  bella  have  been  closed,  which  is  done  24  to  28  hours  after  the 
furnace  has  been  lighted.  The  bells  are  always  close4  on  the  afternoon  of  the 
day  after  the  one  on  which  the  furnace  was  lighted.  The  practice  of  lighting 
tlie  gas  on  top  of  the  furnace  before  closing  the  bells  by  lighted  waste  carried 
up  by  the  skip  car  is  followed.  This  is  an  old  practice,  intended  to  see  whether 
ttie  gas  will  ignite.  We  have  never  known  it  to  fail  to  do  so,  even  when  the 
bells  were  closed  within  a  f^w  hours  after  lighting  the  furnace,  and  it  is 
questionable  whether  there  is  any  benefit  derived  from  the  practice.  The 
method  of  handling  the  gas  depends  upon  whether  other  furnaces  at  the  plant 
are  in  blast  and  making  gas.  If  so,  the  gas  from  the  other  furnaces  is  under 
pressure  at  the  water  seal  of  the  furnace  blowing  in.<  A  3-inch  steam  line 
is  connected  Into  the  furnace  for  several  minutes  to  exhaust  the  air  from  the 
dust  catchers  and  large  gas  containers  between  the  water  seal  and  the  top  of 
furnace.  The  gas  on  top  having  been  lighted  in  the  meantime,  the  water  seal 
is  broken  and  the  gas  from  the  other  furnace  goes  to  the  top  of  the  one  blowing 
in.  The  steam  is  shut  off  as  soon  as  the  water  seal  is  broken.  As  soon  as  it  i^ 
certain  that  the  gas  from  the  main  is  coming  out  of  the  furnace  top  the  main 
bell  is  closed  and  the  gas  from  the  new  furnace  turned  into  the  main,  after 
which  the  bleeders  are  closed  and  charging  commenced.  No  charging  is  done 
from  the  time  the  furnace  is  lighted  until  the  bells  are  closed,  and  the  furnace 
win  usually  be  about  16  feet  below  stock  line  at  this  time. 

If  there  are  no  other  furnaces  in  blast  at  the  time  of  blowing  a  furnace  in,  it 
is  necessary  to  close  the  bells  and  fill  the  gas  system  connected  to  the  furnace 
with  gas  forced  downward  from  the  top.  In  this  case  all  openings  alcmg  the 
gas  main  are  closed,  excepting  a  stove  at  either  end  and  an  outlet  at  the  water 
seal.  We  liave  never  blown  in  a  furnace  under  these  conditions  since  the  use 
of  steam  was  commenced  at  this  plant  In  order  to  derive  any  benefit  from 
its  use  in  the  dust  catchers  of  the  furnace  blowing  in  it  is  necessary  to  close 
the  bell  and  force  the  gas  downward  inmiediately  after  breaking  the  water 
seal.    This  is  always  done  with  or  without  steam. 

Our  practice,  then,  after  lighting  the  gas  on  top  is  to  fill  the  dust  catchers 
with  steam,  break  the  water  seals,  and  close  the  bells  as  nearly  simultaneously 
as  possible,  force  the  gas  to  all  ends  of  the  main,  providing  a  relief  to  prevent 
dead  ends.  As  soon  as  this  is  done  the  gas  is  lighted  and  burned  at  convenient 
points  along  the  main. 

PLANT  13. 

A  layer  of  coke,  extending  from  the  hearth  bottom  up  to  the  bottom  of  the 
iron  notch,  is  put  in  by  hand  through  the  cooler.  Oordwood  Is  then  put  in  on 
end,  bringing  the  layer  up  to  the  bottom  of  the  tuyere  cooler.  A  layer  of  floe 
kindling  is  then  put  in,  «ctendlng  from  the  bottom  of  the  nose  of  the  cooler  to 
the  top,  and  at  ea<di  tuyere  is  placed  a  bag  of  shavings  with  a  ball  of  oily 
waste  right  at  the  nose  of  the  tuyere.  Oordwood  is  then  placed  In  the  iron 
notch  on  the  bottom  and  the  notch  plugged  with  day.  The  monkey  is  plugged 
with  cinder  "bot."  From  150,000  pounds  of  coke  for  a  OO^foot  furnace  to 
300,000  pounds  for  a  100-foot  furnace  Is  then  filled  on  top  of  the  wood  by 
dumping  it  in  from  the  top.  A  burden  of  slag,  coke,  and  ore  is  then  filled  in, 
starting  with  an  0.5  to  1  burden  and  aiming  at  a  1  to  1  burden  when  furnace  is 
fall.  The  amount  of  slag  used  on  a  00-foot  furnace  is  88,000  pounds  and  on 
a  100-foot  fornace  24,000  pounds. 
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When  the  farnace  is  full  a  carefal  inspection  is  made  of  all  yalyea^  deaniog 
do(Hrs,  and  dnst  legs  to  see  that  all  are  in  proper  condition  for  manipulatioiL 
A  barrel  of  oil  is  distribnted  in  the  tuyeres,  the  bleeder  is  opened  np,  the 
explosion  doors  on  top,  if  any,  are  opened,  all  other  openings  are  closed,  and 
if  the  furnace  is  connected  by  gas  mains  with  other  furnaces  the  water  or  dry 
valves  are  closed,  isolating  the  furnace  to  be  blown  in. 

The  blowing  engine  is  now  turned  on,  with  the  snort  valve  adjusted  to  give 
5,000  cubic  feet  for  a  OO-foot  furnace  and  11,000  cubic  feet  for  a  100-foot  ftus 
nace.  The  stove  next  the  furnace,  which  has  previously  been  heated  up  with 
wood  or  gas  from  another  furnace,  is  now  opened  up,  the  hot-blast  valve  being 
opened  first,  and  tlien  the  cold>blast  valve.  When  the  cold-blast  valve  Is  opened 
hot  rods^  are  put  in  through  the  face  plates  and  into  oily  waste  at  the  nose  of 
each  tuyere.  When  the  tuyeres  show  light  the  rods  are  pulled  out  and  tlie 
tuyere  caps  closed.  The  gas  is  lit  at  the  iron  notch  and  let  burn  until  the  hole 
plugs  itself. 

After  the  first  movement  of  the  furnace  burden,  which  takes  place  generally 
in  about  two  hours,  the  volume  of  air  is  increased  at  about  800  cubic  feet  per 
hour  on  a  100-foot  furnace  and  300  cubic  feet  on  a  00-foot  furnace. 

In  about  5  hours  the  bleeders  and  explosion  doors  on  top  are  closed.  In 
about  45  minutes  the  cleaning  door  at  the  base  of  the  leg  to  the  stove  farthest 
from  furnace  is  opened  slightly  and  the  gas  permitted  to  escape.  At  this  time 
the  cleaning  door  or  other  opening  on  the  extreme  end  of  the  main  to  the  boiler 
house  is  also  opened  and  gas  allowed  to  escape  until  there  is  a  certainty  that 
all  air  has  been  expelled  from  the  mains. 

The  blast  is  then  Increased  about  2,400  cubic  feet  for  a  100-foot  furnace  and 
about  300  cubic  feet  for  a  60-foot  furnace,  and  the  gas  is  racked  into  the  boiler 
and  stoves  on  the  end  of  the  line.  The  volume  of  air  is  now  increased  800 
cubic  feet  on  a  100-foot  and  300  cubic  feet  on  a  00-foot  furnace  pee  hour  until 
the  first  flush  of  cinder,  or  about  18  hours  after  blowing  in,  when  it  is  adjusted 
according  to  the  amount  of  cinder.  The  furnace  is  allowed  to  move  6  or  8  feet 
before  filling,  and  in  the  meantime  the  remaining  stoves  and  boilers  are 
lighted. 

If  the  furnace  is  connected  by  a  gas  main  to  other  furnaces,  the  water  or 
dry  valve  is  now  opened  and  the  furnace  is  put  on  the  line.  In  drilling  tot  the 
first  cast  the  tapping  hole  is  started  just  above  the  2-inch  pipe  in  the  iron 
notch,  which  generally  bums  out  on  first  cast,  giving  a  chance  for  a  good  stop 
on  the  iron  notch  after  the  cast  is  made. 

PLANT   14. 

After  the  brickwork  and  top  is  complete  a  gas  fire  is  allowed  to  bum  in 
the  hearth  for  a  period  of  about  two  weeks,  which  insures  thoroui^  drying  oi 
the  furnace,  after  which  time  all  foreign  material  is  taken  from  the  hearth. 
If  the  hearth  is  built  on  an  old  salamander,  then  asbestos  pads,  placed  on  10 
brick  piers  10  inches  high,  are  distributed  equally  over  the  bottom.  On  top  of 
these  pads  are  placed  posts  9  feet  long  by  8  inches  square. 

On  top  of  these  posts  is  built  a  strong  but  loosely  laid  platform  ct  2f-lttch 
boarding.  About  24,000  pounds  of  coke  is  then  scattered  on  the  hearth,  bring- 
ing the  filling  up  to  the  level  of  the  cinder  notch.  A  hole  is  <iien  left  In  the 
scafl^old  floor  and  4-foot  lengths  of  coarse  wood  are  laid  loosely,  so  as  to  give 
plenty  of  air  space.  On  top  of  the  coarse  wood  on  the  scaifold  a  coke  blank  Is 
filled  in  with  the  hoisting  apparatus,  as  follows:  Coke  3^,000  pounds,  Ume- 
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stow  1^00  pamadB;  coke^  72,000  pounds,  UmMtone  1,800  pooiids;  coke  48,000 
pounds,  UmealoDe  1«800  pounds;  coke  48,000  pownds,  lliiM8t4me  1,800  ponnda, 
makiiig  288,000  pounds  of  coke  and  7,200  pounds  o£  limestone. 

After  all  the  coke  blank  Is  in,  a  abort  period  is  allowed  to  elapse  in  order  to 
^Y^m^fi^  im  the  appUanoss. 

In  the  meantinie  we  have  had  an  engjyse  taming  over  slowly  in  the  enijine 
rooms.  The  blast  is  now  up  to  the  cold-blast  valves  on  the  stoves.  If  possible^ 
gas  has  been  turned  into  the  stove  mains  on  the  previous  day  from  another 
fornaeeb  and  after  the  gas  is  ignited  by  a  wood  fire  in  the  wells  of  the  stoves 
of  the  fntnaGe  4x>  be  blown  in  the  heat  on  the  stoves  is  raised  as  fast  as  con- 
sistent with  good  practice.  The  stove  at  the  end  of  the  gas  line  receives  its 
gas  first 

The  furnace  is  now  lighted  through  the  tuyeres,  cinder  notch,  and  tapping 
hole  with  the  aid  of  long  poking  rods  which  have  been  dipped  into  a  ladle  of 
bot  Blag,  care  being  taken  to  see  tliat  the  furnace  is  lighted  all  the  way  roimd. 
Before  lighting,  the  bells  and  bleeders  are  propped  open.  In  about  fovr  or  five 
minoles  after  lighting  smoke  will  commence  to  appear  at  the  furnace  top ;  the 
fire  in  the  fumace  is  allowed  to  bum  with  air  it  will  draw  In. 

When  we  are  certain  that  the  fumaoe  is  burning  nicely  all  aniandt  the 
tNUPden  Is  started.    Approximately  GO  per  cent  Mesabi  ore  with  a  heavy  ratio  is 


Burden  used  in  ftlUng  a  furnace  to  he  blown  in. 


Ore. 

• 

Komber 
ofromids 

'^ir'*  -^rw 

Ooke. 

Stone. 

Ratio  Of 
besesto 

filled. 

Menu. 

Old  nose. 

fMii(<4^^iii^ 

adds. 

POttHtflU 

Pumndt. 

Poundi. 

Pwnda, 

Poumit. 

10 

2,800 

1,020 

960 

12,060 

3,9» 

1.29:1.00 

10 

3,100 

1,090 

12,000 

4,140 

10 

2,280 

1,020 

12,000 

4,200 

5 

3,460 

1,060 

12,000 

4;  380 

5 

9,030 

%640 
^620 

1,110 

12,000 

4,620 

5 

0,630 

1,170 

12,000 

4,800 

6 

^^S? 

8,000 

1,200 

12,000 

4,080 

1.3S:L00. 

5 

10,SOO 

3,810 

1,290 

12,000 

5,220 
5^530 

5 

11,610 

3,090 

1,410 

12,000 

6 

1J3S 

4,fi00 

1,£00 

12,000 

5,700 

5 

12,900 

5,010 

1,590 

12,000 

6,0U0 

$ 

*^'% 

710 

5,490 

12,000 

^340 

(•) 

14,400 

6,000 

1,800 

12,000 

6,480 

1.32:1.00 

a  Full  burden. 


Tbe  coke  blank  and  approximately  20  rounds  on  the  schedule  fills  the  fur- 
nace up.  After  the  furnace  is  filled  it  is  allowed  to  stand  until  the  scaffold 
bas  fallen. 

In  the  meantime  the  tapping  hole  has  been  closed,  and  after  the  scaffold 
has  £attea  caps  are  put  on  tlie  tuyere  stocks  and  the  cinder  notch  is  closed. 
The  furnace  Is  now  closed  np  and  the  stove  blast  valve  is  opened.  The  snort 
vahe  on  the  pipe  from  the  engine  room  is  also  closed.  The  engines  are  now 
nsming  at  approximately  12^000  cubic  feet  per  minute.  Then  the  blast  is 
raised  every  two  hours  approximately  500  cubic  feet  per  minute  until  80,000 
cdrtc  feet  per  minute  is  reached.  At  this  point  the  furnace  is  generally  held 
for  some  tima  Tbe  heat  from  the  stove  daring  this  period  will  be  approxi- 
mate 800*  or  800*  F.    The  stoves  are  changed  in  rotation,  one  every  hour. 
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As  a  rule,  tbe  first  cinder  flush  will  occur  after  50  rounds  of  borden,  or  in 
about  86  hours  after  lighting.  The  first  cast  is  usually  made  after  about  H 
rounds  of  filling,  or  about  39  or  40  hours*  time  after  lighting. 

In  the  meantime,  as  soon  as  the  gas  burns  on  the  top  of  the  fOmaoe,  all 
bells  are  closed  and  the  gas  is  allowed  to  discharge  through  the  bleeder  stMk. 
After  the  first  cast  is  made  the  pressure  on  the  gage  will  possibly  be.  about  8  or 
9  pounds.  This  will  give  a  sufficient  gas  pressure  on  top  to  equalize  that  in 
the  mains,  at  which  time,  af t^  all  air  is  expelled  from  dust  catcher,  mains,  etc^ 
the  water  valves  on  both  the  store  and  the  boiler*house  lines  are  opened  and 
the  Ueeder  on  top  of  the  furnace  is  closed.  After  a  certain  period  the  burden 
on  the  furnace  is  changed  to  the  regular  allotment  used  at  these  works. 

PliANT  16.   * 

The  furnace  is  always  dried  out  with  hot  blast  for  by  using  this  method  the 
stoves,  tuyere  stocks,  and  everything  pertaining  to  regular  operation  ftias  been 
operated  and  the  furnace  man  is  left  free  to  pay  all  of  his  attention  to  the 
furnace  itself  because  he  knows  that  everything  else  will  w<H*k  property. 

The  hearth  of  the  furnace  is  either  filled  with  loose,  small  wood  up  to  about 
a  foot  above  the  tuyeres  or  a  platform  Is  built  up  to  the  same  height  with  loose 
wood  underneath.  On  top  of  this  about  four  rows  of  cordwood  are  placed,  which 
will  reach  nearly  to  the  mantle.  Then  a  large  coke  blank  is  placed  on  top  of 
the  wood  and  on  top  of  this  blank  the  burden  is  started  with  about  one-half 
pound  of  ore  per  pound  of  coke,  and  the  ore  content  increased  so  that  when  the 
furnace  is  full  the  ratio  will  be  about  1  pound  of  ore  per  pound  of  coke.  I 
always  find  it  is  a  good  practice  not  to  fill  a  furnace  as  full  as  it  is  filled  dar- 
ing the  regular  operation.  In  front  of  each  tuyere  light  shavings  or  oily  waste 
is  placed  and  when  the  furnace  is  ready  to  be  blown  in  this  waste  Is  saturated 
with  kerosene.  A  hot  stove  is  put  in  the  furnace,  with  a  light  blast,  and  hot 
poking  rods  are  inserted  into  the  eyesight  holes.  l5uring  all  this  time  the 
bells  are  necessarily  lowered,  as  well  as  the  bleeders  being  open,  the  gas  cat-off 
valve  being  always  closed.  The  tuyeres  are  watched  and  a  short  time  after 
good  incandescent  coke  shows  at  tbe  tuyeres  and  the  gas  on  the  top  of  fui^ 
nace  looks  right,  the  gas  from  the  other  furnaces,  provided  there  is  more  than 
one  furnace,  is  sent  through  the  gas  cut-off  valve,  which  may  be  a  Crawford 
seal  or  any  other  type,  and  allowed  to  fill  the  dust  catchers  and  dOMmcomers 
of  the  furnace  being  blown  in,  and  as  soon  as  sufficient  pressure  shows  <m  top 
of  the  furnace  through  the  open  bells  the  large  bell  is  closed  and  the  furnace 
is  in  blast.  The  downcomers,  dust  catchers,  and  all  gas  piping  up  to  the  cut-off 
valve  are  kept  filled  with  steam  so  as  to  exclude  the  air. 

PLANT    16. 

The  furnace  is  dried  out  thoroughly,  either  by  hot  blast,  or,  if  this  Is  not 
available,  by  a  wood  and  coke  fire  built  in  the  crucible.  In  the  latter  case, 
combustion  may  be  promoted  by  bulkheading  all  cooler,  cinder,  and  Iron-ootch 
openings  and  Inserting  draft  pipes  leading  to  the  bottom  of  the  crucible,  thos 
bringing  an  induced  draft  direct  to  the  fire. 

A  scaffold  Is  built  in  the  furnace  above  the  tuyere  coolers,  and  the  crucible 
is  filled  with  coke  to  the  bottom  of  the  tuyere  coolers.  Cordwood  is  loos^ 
stacked  on  end,  usually  three  lengths  or  more.  Filling  is  then  begun  and  cai^ 
ried  to  such  point  as  Judgment  and  experience  indicate  there  will  be  a  struc- 
ture which  admits  of  good  natural  draft 
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The  fumaoe  is  Ugbted  with  inflammable  material  at  all  tuyeres  aii4  Iroo 
and  cinder-notch  opeoings.  Precaution  la  taken  to  aee  that  the  bell  is  fastened 
open,  as  are  also  the  bleeder  valves  on  the  downcomers.  The  furnace  is  allowed 
to  bum  on  natural  draft  nntil  the  scaffold  has  fallen  or  burned  and  until 
coke  is  burning  thoroughly  at  all  tuyeres,  then  the  blow  pipes  are  put  up  and 
the  blast  applied. 

All  gas  mains,  both  overhead  and  underground,  are  filled  with  steam  before 
gas  is  turned  in,  one  or  more  boiler  or  stove  gas-burner  valves  are  opened  at 
the  ends  of  the  mains,  and  in  the  case  of  underground  flues  a  manhole  cover 
of  large  area  is  removed  to  facilitate  a  rapid  passage  of  all  gases  through 
the  mains. 

In  turning  gas  into  the  mains  all  gas  is  allowed  to  escape  from  the  top  of 
the  furnace  and  bleeders  until  it  lights  and  burns  with  a  clear  and  steady 
flame  on  contact  with  air.  Precaution  is  taken  to  see  that  live  steam  is  still 
entering  the  mains.  At  a  given  signal  the  main  sealing  bell  and  all  bleeder 
valves  and  other  openings  are  quickly  closed,  and  as  soon  as  gas  has  lighted  at 
the  extreme  end  burner  valves,  the  valves  on  the  intermediate  burners  are 
opened.  Lighted  oily  waste  or  a  wood  fire  is  always  built  at  the  burners  on 
cold  stoves  or  boilers  so  that  gas  is  burned  from  the  first,  thus  forestalling  any 
possibility  of  an  explosion  in  stoves  or  fire  boxes. 

Where  water-seal  valves  are  available,  they  are  always  kept  closed  so  that 
no  gas  can  get  into  dust  catchers  or  mains  not  in  use.  It  is  considered  essential 
that  the  blast  pressure  shall  not  be  considerably  slackened  or  taken  off  the 
furnace  during  the  first  few  hours  after  turning  gas  in  mains,  as  a  rapid  cir- 
culation well-nigh  precludes  any  possibility  of  an  explosion. 

PLANT   17. 

In  preparing  a  furnace  for  blowing  in,  first  a  scaffold  is  constructed  across  the 
furnace  at  a  point  about  1  foot  above  the  tuyeres.  Coke  is  thrown  in  at  the 
tuyeres,  covering  the  furnace  bottom  to  the  top  of  the  iron  hole.  About  8  cords 
of  wood  is  placed  on  end  on  top  of  the  scaffold  and  fine  wood  is  filled  in  below 
the  scaffold,  with  a  pile  of  shavings  in  front  of  each  tuyere. 

The  last  blowing-in  burden  was  as  follows : 


Number 
ofvomids. 


fi. 
5. 


8 

W«  •  *  • 4 


liatflrial. 


Coke 

...do 

Blut-ftmiaoe  slag. 

fCoke 

Blast-fOiDAca  slag. 

Lixnestone 

fOokQ 

Blast-ftimaoe  tHag, 
JABomUand 


Weight, 
pounds. 


<,700 
<,700 
2,100 
6,700 
1,400 
800 
6,700 
4,200 
1,000 


Namb€r 
ofroonds. 


12. 


4a. 


liaterial. 


MesablA. 
Meeabi  B. 
Old  range. 
Sllioeous.. 


Total  ore 

LlniflttoDa 

Blast-ftmaoe  slag. 
Coke 

rOre 

{LJmeetonei. 

[Coke 


Weight, 
pounds. 


2,776 
025 

1,850 
300 


6,850 
1,900 
1,400 
6,700 
BO,  300 
2,000 
6,700 


»  Furnace  full. 


6  Proportioned  as  above. 


Both  the  explosion  doors  and  the  bleeder  were  fastened  open  and  orders  given 
to  keep  the  charging  bell  closed  until  permission  was  given  to  start  filling.  A 
B-inch  opening  was  left  to  burn  gas  through  iron  hole.  Alternate  tuyeres  were 
plugged  with  clay,  leaving  five  6  by  12  inch  tuydre  openings,  through  each  of 
which  d  gaUona  of  torch  oil  was  poured.    The  furnace  was  lighted  with  sbav- 
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ingB  partly  burned  in  the  tiot-blast  stove  before  blast  was  turned  into  It  at 
8.00  a.  m.    Data  on  the  method  of  fttmaoe  operation  follow : 

Data  on  fmmace  operatUm  at  hioiting  in. 


Time  of  day. 


a.111. 
8.60. 
9.20. 


I 


2.50. 

2.10.. 

S.0O.. 

4.50.. 

6.00.. 

6.50.. 

8.20.. 

8.60.. 

0.30.. 
10.00.. 
cm. 
12.05.. 

2.00.. 

4.00.. 

5.30.. 
10.10.. 
12.00.. 


p.m. 
1.00. 
2.00. 
3.20. 


TlBM 

elapoed. 


HOUTi, 


Vdume 
or  air  pa- 

Blast 
tun. 

Number 

of 
chaixBS. 

OvLjea, 
7,060 

450 

500 

8^400 

•••«i*>a*a 

535 
550 
585 

625 
675 

11 

12 
14 
16 
17 
19 

n 

25 

20 
33 
87 
40 
44 

66 
40 
58 

9,800 
10,500 
11,900 
13.300 
14,000 

725 

775 
800 
850 

12,200 

950 

900 

000 

1,020 
1,040 

14,000 

H760 
15,400 

Lighted  fumaop. 

Hot  ookB  showlnf  at  tuytees. 


Gas  brought  down. 
PlugBBd  iron  hole. 
StartadtoflU. 
Stock  line,  14  feet. 


n  j  First  clDd«rfliHh<A). 

Second  cinder  flnsh  (B). 
Third  cinder  flush  (C). 
Fourth  cinder  flush  <D). 
First  cast  (£).  6  tons  ot  iron. 
Second  cast  (F),  11  tons  of 


Third  oast  (O),  90  tons. 


CampoHtion  of  iron  and  cinder. 


Samide. 

SUlca. 

Alumina. 

Iron 
oxide. 

Lime. 

Magnesia. 

V^nrine, 

Sulphur. 

SUIoon. 

Cinder: 

A 

34.40 
34.43 
35.07 
8&03 

15.33 
15^78 
15.42 
15.68 

0l51 
.51 
.38 
.32 

44.50 
44.00 
44.20 
44.30 

8.40 
3.40 
8.04 
2.80 

.12 
.13 
.10 
.10 

L84 
L75 
L79 
1.77 

.106 
.089 
.087 

B 

C 

D 

Iron: 

E 

S.05 

F 

4.37 

0 

S.4B 

General  data  on  furnace  of>eration  during  first  week  of  run. 


Volume 
of  air 

muute. 

Blast 

temperik 

tura. 

BlMt 

pressure 
f  (per 
square 
ineh.) 

Tuyires. 

Ratio 

of  ore 

to 

ooke 

(coke-1). 

Iron  produced. 

Day. 

Number. 

Slae. 

Tons. 

SiUDon 
content. 

Sulptrar 
content. 

First 

Second 

TWrd 

Fourth 

Fifth 

Sixth. 

Seventh 

Cu.feel. 
10,060 
15,190 
20,475 
22,120 
27,000 
28,630 

29,960 

•F. 

670 
840 
940 
980 
1,000 
1,010 

1,000 

F&tmiM. 

3.1 
5.8 

ia5 

11.8 
13.4 
13.2 

13.5 

5 

5 
5 

7 
8 

4 

5 
5 

Indut. 
6   by  12 
6  by  12 
6  by  12 
6  by  12 
6  by  12 
6  by  12 
6|by9 
6  by  12 
6!by0 

1.28 
1.51 
LOO 
L94 
1.97 
2L60 

2:03 

6 
98 
208 
330 
32S 
406 

419 

PtreenL 
3.95 
4.30 
2.44 
.97 
L28 
L26 

1.20 

Peregmi. 

Olios 

.023 
.015 
.071 
.082 
.038 

.008 

Gas  was  permitted  to  escape  through  the  explosfoh  doors  and  bleeder  QBtH 
after  wood  had  been  consumed  and  furnace  had  heated  uq  saffldently  and 
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ore  descended  far  Plough  to  produce  more  nearly  normal  gas.  XJp  to  this 
time  all  openings  on  gas  flues  and  dust  catchers  had  been  kept  closed.  It 
should  be  noted  that  one  furnace  was  In  operation  and  that  Its  gas  was  sealed 
off  by  the  Crawford  water-seal  gas  valve.  The  stove  gas  burners  are  supplied 
through  bootlegs.  At  the  base  of  these  pipes,  and  also  on  the  bootlegs  sup- 
porting  the  boiler  gas  flue,  cleaning  doors  are  provided  for  the  removal  of 
flue  dust  These  doors  are  now  fastened  slightly  open,  leaving  about  the 
equivalent  of  a  1-lnch  hole,  all  other  valves  remaining  closed.  One  of  the 
explosion  doors  is  th^i  slowly  closed  with  a  set  of  blocks  until  the  gas  starts 
to  force  air  through  the  openings  just  provided.  It  may  be  necessary  to  partly 
close  the  second  explosion  door  before  the  air  is  forced  out,  but  in  any  case 
the  explosion  doors  are  closed  slowly  and  only  far  enough  to  cause  sufficient 
pressure  to  start  the  flow  of  air,  where  they  remain  untU  the  gas  has  forced 
out  all  the  air.  The  explosion  doors  are  closed  fiir  enou^  to  give  appreciable 
pressure  to  the  gas  when  a  wood  fire  is  started  in  the  stoves  and  the  burners 
carefully  opened.  After  the  gas  is  lighted  in  the  stofves  the  bootleg  openings 
are  dosed  and  tht  water  in  the  Crawford  valve  is  released,  uniting  the  gas  from 
the  two  fumaces.  Gas  is  permitted  to  blow  through  tiie  iron  hole  until  cinder 
starts  out,  when  the  hole  ia  plugged. 

If  oae  furnace  had  not  been  in  operation  it  would  have  been  necessary,  in 
bringing  the  gas  down,  to  force  the  air  out  of  the  gas  flues  in  the  boiler  houses. 
The  procedure  would  then  be  as  described,  except  that  the  Crawford  valve 
would  contain  no  wat^,  and  would  have  its  water  connections  and  bell  closed. 
All  boiler  gas  burners  would  be  closed,  except  one  at  the  end  of  the  under- 
ground flue,  which  would  be  pulled  slightly  beyond  the  closed  poeition,  permit* 
ting  the  air  to  be  forced  out  in  front  of  the  burner.  The  cleaning  doors  would 
be  opened  the  same  as  at  the  stoves.  The  same  system  would  be  used  for 
either  furnace,  the  idea  being  to  ke^  all  flues  tight  exc^t  small  cypeoingB  on 
every  dead  end. 

PLANT  18. 

First  we  build  in  the  hearth  a  scaffold  of  about  6  by  8  inch  timber,  the  top 
of  which  is  above  the  tuyeres.  Uprights  are  placed  between  every  other 
tuyere  opening,  the  top  of  the  scaffold  being  boarded  loosely.  The  hearth  is 
then  flUed  with  clean  coke  to  the  level  of  the  cinder  notch.  Cordwood,  or  any 
heavy  wood,  such  as  split  ties,  slabs^  etc.,  is  then  taken  into  the  cinder  notch 
and  pUed  on  end  on  top  of  the  scaffold.  Two  tiers  of  such  material,  or  suffi- 
cient to  reach  about  the  fifth  row  of  plates,  are  then  placed  In  the  furnace, 
the  men  working  from  the  outside  to  the  center.  The  center  opening  of  the 
scaffold  is  then  bridged  across  and  wood  placed  in  position  by  building  down 
from  the  top  of  the  wood  to  the  original  scaffold  at  the  tuyere  level.  Split 
kindling  wood  is  then  filled  into  the  opening  formed  between  the  coke  in  the 
hearth  and  the  scaffold.  Two  bags  of  shavings  are  put  in  front  of  each 
tuydre.  When  the  hearth  is  finally  filled  in  In  this  manner  the  cinder-notch 
coolers  and  "  monkey "  are  placed  in  position,  and  the  furnace  Is  filled  as 
follows: 

Burden  used  in  hlouHng  in  funutce. 

lUtarial  charted. 

Ten  rounds:  Pounds. 

4  buckets  coke  (3,800  pounds  each) 13, 200 

1  bucket  limestone 2, 800 

Bi^t  rounds: 

4  buckets  coke 13,200 

1  bucket  limestone 3, 000 

1  bucket  blaet-fumace  slag 4, 000 
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Matcrfftl  chaffed. 

Four  rounda:  Poondi. 

4  buckets  coke 13,200 

1  bucket  limestone 4, 200 

Old  range. 6,000 

Meaabi 6,000 

Blast-fuiiiace  slag 2, 000 

Until  filled  (24  rounfi) : 

4  buckets  coke  (3,800  jwunds  each) 13, 200 

1  bucket  limestone.. 5, 700 

Old  rang© 6,000 

MesabiA 10,000 

MesabiB 6,000 

Blast-furnace  slag 1, 000 

After  the  furnace  is  flUed,  care  is  taken  that  no  fire  or  sparks  can  come  in 
contact  with  the  hearth.  In  case  we  are  building  on  a  hot  salamander,  we  may 
put  several  feet  of  sand  on  the  bottom  and  place  the  woodm  scaffbld  uprights 
on  brick  piers  to  protect  them  from  the  heat  We  generally  aim  to  torn  on  the 
co(^ing  water  before  the  furnace  is  filled  so  that  the  men  can  inspect  the  plates 
and  coolers  and  determine  if  any  are  leaking  before  the  fnmaoe  is  finally 
lighted.  The  mushroom  valves  on  the  dust  catcher,  as  well  as  the  water  seals, 
are  closed;  all  doors  on  gas  mains  are  closed  and  sealed,  the  bleeder  and  two 
explosion  doors  opened.  The  furnace  is  now  in  position  to  be  lit.  The  stoves 
are  fired  up  three  or  four  days  beforehand  by  means  of  gas,  coal,  and  wood. 
The  stove  nearest  the  furnace  is  filled  with  a  wood  fire  and  allowed  to  bum, 
so  as  to  form  a  large  body  of  embera  About  2  backetfuls  of  carbon  oQ  is  in- 
jected in  each  tuy^e,  thus  saturating  the  shavings,  and  the  caps  are  then 
closed.  The  main  bell  and  the  small  bell  are  also  closed.  While  these  pr^ara- 
tions  are  being  made,  the  engines  have  been  started  and  are  running  at  alxnit 
25  or  aO  revolutions  with  the  snort  tralve  open.  When  the  bells  have  beoi  dosed 
and  everything  around  the  bottom  of  the  furnace  made  tight,  the  stove  Is  then 
closed,  the  hot-blast  valves  and  cold-blast  valves  are  opened,  and  the  blast 
turned  into  the  furnace  la  the  usual  manner.  Sparks  are  carried  over  from 
the  stove  and  ignite  the  oil-saturated  shavings,  and  in  a  few  seconds  gas  is 
issuing  from  the  bleeder  and  explosion  doors.  The  tapping  hole  is  left  open 
and  the  gas  Issuing  from  it  is  ignited,  as  well  as  all  gas  which  is  leaking  around 
the  tuyeres  and  plates.  After  the  furnace  is  well  ignited,  the  speed  of  tlie 
blowing  engine  is  reduced  to  about  22  revolutions,  and  from  this  point  is 
gradually  Increased  as  furnace  conditions  demand;  in  about  15  or  20  minutes 
coke  appears  at  the  tuyeres  and  the  furnace  starts  to  take  stock.  If  there  is  do 
reason  for  taking  the  gas  off  a  furnace,  the  gas  may  be  permitted  to  escape  at 
the  bleeder  until  the  first  flush  of  cinder  is  taken  out,  which  is  possibly  12 
haurs  after  lighting.  Then  the  gas  valves  between  the  other  furnaces  and  the 
one  Just  blown  in  are  opened,  allowing  the  gas  to  mix.  In  case  anj'thing 
should,  happen  to  require  a  stop  on  the  newly  blown-in  furnace,  gas  trom  the 
other  furnaces  is  allowed  to  go  over  so  as  to  maintain  a  o^nstant  gas  pressure 
under  the  bell  and  in  the  mains.  It  is  always  our  aim  to  keep  a  constant  out- 
ward pressure  at  all  points,  the  mains  generally  leaking  slightly.  After  blowing 
air  through  the  tapping  hole  for  four  or  five  hours,  the  gun  is  placed  in  position 
and  the  hole  stopped  up.  After  an  hour  or  so  from  the  time  of  blowing  In,  the 
explosion  doors  are  closed  and  the  bleeder  is  allowed  to  carry  all  the  gas.  This 
depends  altogether,  however,  on  the  quantity  of  gas  produced,  care  always  be- 
ing taken  that  we  have  sufficient  pressure  to  keep  the  mains  fnlL  When  the 
gas  is  taken  to  the  boilers,  it  is  drawn  to  the  end  of  the  line  and  into  the  farthest 
boiler,  where  it  is  allowed  to  ignite,  and  the  boilers  are  put  on  in  rotation  from 
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this  end.    This  cleans  out  the  main  completely  and  <ioes  not  allow  any  trap 
there. 

JCBTHOP  IN  USE  AT  AKOTHEB  FIANT. 

One  method  not  mentioned  previously  is^  as  follows :  When  every- 
thing is  ready  for  lighting  the  furnace,  close  the  bells,  bleeder,  and 
mains,  open  a  burner  at  the  extreme  end  of  the  main  into  a  boiler 
setting  in  which  a  hot  fire  is  kept  burning.  The  furnace  is  then 
lighted  with  the  wind  on  and  the  top  and  mains  full  of  air.  No  wood 
is  used  in  the  furnace,  charcoal  being  placed  at  the  tuyeres.  This 
method  has  been  followed  for  several  years  by  one  operator,  the  gas 
lighting  quickly  at  the  burner  within  10  minutes.  But  one  explosion 
has  resulted  and  this  was  due  to  the  bell  opening  by  accident  as  the 
gas  was  being  taken  down.  This  illustrates  a  possible  hazard  from 
this  method;  that  is,  some  part  of  the  machinery  going  wrong  at 
the  early  stage  of  blowing. 

FHECAUnOKS  IN  BIjOWING  IN. 

The  chief  danger  in  blowing  in  furnaces  is  the  danger  of  gas 
explosions.  Other  possible  sources  of  danger  and  damage  exist  and 
are  discussed  in  this  report,  but  as  in  blowing  out  many  details  of 
practice  must  vary  with  circumstances  and  plant  layout  and  only  the 
general  operations  are  noted  here.  The  most  important  points  to  be 
watched  in  blowing  in  are  as  follows: 

1.  Drying  the  furnace  is  preferably  done  by  hot  blast  when  gas 
from  another  furnace  is  available.  This  enables  the  furnace  man  to 
assure  himself  that  stoves,  valves,  stocks,  and  other  equipment  are 
in  working  condition  and  eliminates  some  chances  for  accident  due 
to  the  unforeseen  necessity  of  taking  the  blast  off  and  allows  him 
to  devote  his  attention  to  the  working  of  the  furnace. 

2.  In  case  tiie  hearth-  bottom,  or  the  top  of  the  salamander,  is  ex>- 
oessively  hot  it  is  advisable  to  place  a  12-inch  brick  pier  with  asbestos 
padding  on  top  beneath  the  scaffold  uprights  and  to  place  about 
20  inches  of  crushed  slag  on  the  hearth  bottom  before  putting  wood 
or  coke  in  the  hearth.  It  is  also  a  good  plan  to  turn  the  water  into 
the  tuyeres  coolers,  etc.,  before  the  furnace  is  filled  to  see  that  all 
connections  are  water-tight  and  not  stopped;  the  bronze  should  be 
inspected  for  leaks  from  the  inside. 

3.  In  placing  wood  or  charcoal  in  the  hearth  and  bosh,  the  use  of 
electric  lights  should  be  compulsory,  accident  Being  invited  by  the 
use  of  candles,  torches,  or  open  lights,  or  by  allowing  men  to  smoke. 
All  men.  not  required  for  the  work  should  be  kept  away,  such  as 
visitors  and  spedators. 

4.  Before  lighting  the  furnace  the  foreman  in  charge  should,  by 
personal  inspection,  assure  himself  that  all  gas  burners  are  sealed; 


14&        BLAST-FU&NACB  BBBAKOUTB>  BX^XOSIOKS,  AND  SLIPS. 

burner  doors  closed;  openings  on  mains,  dust  catchers,  and  down- 
comers  tightly  closed ;  the  bells,  bleeders,  and  explosion  doors  on  top 
fastened  open ;  and  the  water  seal  or  other  valves  in  good  condition, 
special  attention  being  given  to  see  that  all  mechanical  valves  are 
tight  and  the  water  connections  open,  and  that  the  burners  are 
tight;  if  necessary,  some  clay  or  dust  should  be  put  on  the  burner 
slides  to  act  as  a  seal. 

5.  If  the  blast  is  put  on  immediately  when  the  furnace  is  lit,  the 
chances  of  men  being  burned  by  coke  or  flame  shootuig  from  the 
tuyeres  when  the  scaffold  falls  or  from  a  "crack"  of  gas  at  the 
top  are  eliminated.  If  the  furnace  should  be  lit  and  allowed  to 
bum  on  natural  draft  for  a  period  of  6  to  36  hours,  the  following 
precautions  are  suggested: 

(a)  If  the  blowpipes  are  up  and  the  caps  off  or  the  eyesights 
open,  the  foreman  should  be  sure  that  the  hot-blast  valves  are 
securely  seated  so  that  no  draft  will  be  induced  into  the  blast  main. 

(b)  If  the  blowpipes  are  not  up,  but  the  tuyeres  are  placed,  the 
tuyeres  should  be  blocked  in  place  with  a  2  by  4  inch  timber  against 
the  stock,  the  latter  being  held  by  the  bridle. 

(c)  The  foreman  should  keep  everyone  away  from  the  tuyfercs  and 
stocks  until  he  is  satisfied  that  the  scaffold  has  fallen,  and  should 
not  start  to  put  up  blowpipes  until  this  has  happened.  In  draft- 
ing in,  the  scaffold  will  usually  fall  in  three  to  five  hours  if  care  is 
taken  that  the  furnace  is  nicely  lit  all  the  way  around  and  it  bums 
evenly  at  all  the  tuyferes. 

6.  The  method  of  handling  gas  depends  upon  whether  other  fur- 
naces at  the  plant  are  in  blast  and  are  making  gas,  but  if  it  be 
assumed  that  no  other  furnace  is  in  blast  the  following  notes  are 
typical  of  safe  practice : 

(a)  The  gas  pressure  should  be  kept  up  at  all  cost  after  the  gas 
has  been  brought  down  into  the  mains,  S  inches  of  water  pressure 
being  regarded  as  the  minimum.  Accidental  lowering  of  the  bell  or 
bells  so  as  to  leave  the  top  open  after  the  gas  is  brought  down  ^ould 
be  guarded  against. 

(&)  The  foreman  should  be  sure  the  gas  is  all  right,  clear  of  wood 
smoke  and  gas,  before  bringing  it  down.  The  first  hour  after  light- 
ing produces  the  most  explosive  gas,  so  time  should  be  allowed  for 
the  ore  to  get  into  action  before  the  gas  is  used.  The  time  of  taking 
the  gas  down  varies  much,  ranging  from  immediately  to  36  hours 
after  the  blast  is  on.  A  safe  rule  to  follow  is  to  wait  eight  hours 
after  the  scaffold  has  fallen,  and  then,  after  the  furnace  is  filled 
and  the  coke  is  bright  at  the  tuyeres  and  the  blast  pressure  amounts 
to  4  pounds,  proceed  to  bring  the  gas  down.  This  period  of  time 
will  assure  the  smooth  working  of  the  bell  and  there  will  be  less 
chance  of  some  unforeseen  difficulty  preventing  the  beUs  fn^n  clos- 
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ing  or  opening.  Tliere  is  certain  to  be  ample  gas  pressure  in  the 
mains,  and  the  gas,  though  very  explosive  when  mixed  with  air, 
is  not  markedly  more  so  than  later. 

(c)  The  essential  idea  is  to  clear  all  mains^  dust-catcher  systems, 
etc.,  of  air,  being  pofiitive  that  none  is  trapped  in  any  space  or  dead 
end  before  the  gas  is  lighted,  the  aim  being  to  constantly  keep  a 
positive  outward  pressure.  To  this  end  it  is  requisite  that  the  blast 
shall  not  be  taken  off  the  furnace  during  the  first  few  hours  after 
turning  the  gas  into  the  mains,  or,  if  the  blast  is  considerably  slack- 
ened, that  enough  burners  be  closed  to  maintain  3  inches  of  water 
pressure  in  the  gas  mains. 

{d)  After  personal  inspection  to  see  that  all  burners  and  burner 
doors  are  shut,  the  valve,  if  any,  between  the  stoves  and  dust 
catchers  is  opened,  and  the  bells  closed  if  still  open,  at  as  nearly 
the  same  time  as  possible.  The  bell  will  usually  have  been  shut 
previously,  however.  Bef oie  the  gas  is  brought  over  into  the  main, 
the  air  should  be  expelled  from  the  dust  catoher  through  the  dust 
bell  and  bleeder,  if  a  bleeder  is  provided  on  the  dust  catoher.  After 
making  sure  there  is  no  fire  near  the  gas  mains  and  that  the 
burner  doors  are  shut,  then  the  bleeder  at  the  extreme  end  of  the 
gas  main,  or  the  cleaning  door  at  the  base  of  the  down  leg  to 
the  stove  or  boiler  farthest  from  the  furnace  should  be  opened. 
When  sufficient  time  has  elapsed  to  make  sure  that  all  the  air 
has  escaped  from  the  mains  the  cleaning  door  may  be  shut,  the 
burner  door  opened,  and  the  gas  lighted  in  the  stove.  Unless  the 
stove  is  incandescent  at  the  bottom,  a  large  bunch  of  oily  waste 
or  a  wood  fire  at  the  gas  inlet  ^ould  be  used  to  insure  instan- 
taneous lighting.  It  is  dangerous  to  permit  gas  of  this  nature 
to  pass  into  a  stove  without  ligjhting  it  immediately,  as,  if  the 
well  fills  with  an  explosive  mixture  of  gas  and  air,  an  explosion 
or  a  "  crack  "  of  sufficient  violence  to  throw  many  types  of  burners 
off  their  seats  may  result.  Such  damage  is  especially  serious  and 
fraught  with  danger  at  this  stege  of  blowing  in,  because  a  shut- 
down may  be  necessitated,  and  more  serious  explosions  are  possible. 

(e)  Similar  methods  are  followed  at  the  boilers,  the  exception 
being  that  instead  of  allowing  the  gas  to  escape  into  the  boiler 
house  when  no  bleeder  is  provided  at  the  end  of  the  line,  it  is 
preferable  to  have  the  boiler  at  the  end  of  the  line  cold,  and 
draft  the  boiler-house  main  through  this  boiler  until  the  gas  is 
coming  strong,  when  it  may  be  lighted  at  an  adjacent  boiler. 

(/)  In  lighting  stoves  and  boilers,  the  danger,  after  succesa- 
ful  lighting  of  the  first  one,  lies  in  putting  too  many  on.  It  is 
better  to  have  too  few  lighted  than  too  many;  the  gas  pressure 
diould  be  maintained  at  at  least  8  inches.  In  lighting  gas  from 
a  furnace  newly  blown  in,  additional  supervision,  both  at  boilers 
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and  stoves,  is  advisable,  and  this  step  should  never  be  undertaken 
without  the  supervision  of  the  furnace  foreman  or  blower. 

(g)  In  case  a  shutdown  becomes  necessary  on  an  isolated  fur- 
nace, it  is  better  not  to  draft  back.  Shut  all  the  burners  and  keep 
the  bells  and  bleeders  closed  before  taking  the  blast  off.  This 
insures  a  positive  pressure  under  the  bell  and  avoids  an  updraft 
through  the  bleeder,  and  if  the  pressure  is  too  strong  at  the  tuyk«s 
a  few  caps  can  be  knocked  off  to  afford  relief.  When  a  furnace 
is  started  lip  after  a  stop  of  this  nature  it  is  best,  in  lighting  tiie 
gas,  to  observe  all  precautions  taken  in  first  bringing  the  gas  down. 

(h)  If  a  steam  line  is  connected  to  the  dust-catcher  system,  the 
system  should  be  filled  with  steam  prior  to  shutting  down,  and  the 
steam  kept  on  until  the  blast  is  put  on  again.  Steam  is  a  valuable 
auxiliary  in  blowing  in,  and  if  a  connection  is  provided  steam  should 
be  turned  into  the  dust  catchers  shortly  before  the  furnace  is  lit, 
and  kept  on  until  the  gas  has  been  brought  down  and  is  passing 
out  of  the  mains  through  the  bleeder. 

7.  If  one  or  more  furnaces  are  in  blast,  connecting  them  with  the 
gas  mains  of  the  furnace  being  blown  in  simplifies  taking  the  gas 
down,  as  one  is  always  assured  of  ample  gas  pressure  in  the  mains. 

(a)  If  gas  from  another  furnace  is  available,  the  gas  is  usually 
being  burned  in  the  stoves  of  the  new  furnace  at  the  time  it  is  being 
blown  in.  If  not  it  is  a  simple  matter  to  bring  the  gas  up  to  the 
valve  separating  the  dust  catcher  from  the  main  of  the  new  furnace, 
clearing  the  downlegs  of  the  stove  burners  of  this  furnace.  At 
the  determined  time,  which  may  be  earlier  than  with  an  isolated 
furnace  but  not  before  the  scaffold  has  fallen,  with  bright  coke 
showing  at  the  tuyires  and  the  snort  valves  shut,  the  stoves  along 
the  line  should  be  closed  temporarily  to  be  sure  that  the  gas  pressure 
in  the  mains  is  greater  than  that  at  the  top  of  the  furnace  being 
blown  in,  the  dust-catcher  valve  opened,  and,  the  furnace  bleeder  and 
bells  being  open,  the  gas  from  the  other  furnace  is  permitted  to  pass 
through  the  dust  catcher  and  up  the  downtake,  driving  the  air  out 
through  the  furnace  top. 

(6)  When  the  air  is  displaced,  the  bells  and  bleeder  may  be  shut 
and  the  stove  and  boilers  put  on,  care  being  taken  to  clear  all  dead 
ends  in  the  gas  mains,  and  observe  the  usual  precautions  witii  regard 
to  lighting  gas. 

(c)  If  there  is  a  steam  connection  to  the  dust-catcher  system,  it 
may  be  turned  on  prior  to  admitting  gas  from  the  other  furnace; 
indeed,  it  is  the  safest  practice  to  keep  steam  in  the  dust  catcher  from 
the  time  the  furnace  is  lit  until  gas  has  been  brought  over  from  the 
adjoining  furnace. 

(d)  The  old  practice  of  keeping  a  coke  fire  burning  on  top  has 
much  to  recommend  it  and  may  be  adapted  to  modem  closed-top 
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famaces  by  putting  a  large  bunch  of  burning  waste  on  the  sldp, 
hoisting  and  dumping  it  into  the  hopper,  the  bells  being  open.  Upon 
the  gas  lighting,  the  bells  may  be  closed  and  gas  led  off  from  the 
bleeder.  This  takes  more  time  and  trouble  than  many  consider  neces- 
sary, but  it  is  a  practice  which  is  followed  by  several  men  and  warmly 
believed  in. 

(e)  In  case  of  an  accidental  shutdown,  gas  may  be  brought  over 
from  the  other  operation  to  the  furnace  being  blown  in,  and  the  air 
having  been  displaced,  the  bells  and  bleeders  can  be  closed  prior  to 
shutting  down  or  taking  the  blast  off.  This  insures  a  positive  pres- 
sure at  the  furnace  top  under  the  bell  and  in  the  iicas-main  system. 

BLOWDTO  OUT. 

CAUSES  07  EXPLOSIONS  IK  BLOWOra  0T7T. 

One  hazard  in  blowing  out  lies  in  letting  the  top  of  the  stock 
column  get  too  low  with  too  high  a  blast  pressure,  so  that  air  contain- 
ing oxygen  channels  through  the  coke  and  forms  an  explosive  mixture 
with  the  carbon  monoxide  and  hydrogen  of  the  gas  in  the  furnace 
stack.  The  writer  personally  does  not  know  of  any  explosion  that 
has  been  caused  in  this  way,  although  the  possibility  of  such  an 
explosion  is  frequently  spoken  of  by  furnace  men.  The  enforced  use 
of  water,  sprayed  in  at  the  top  of  the  furnace,  keeps  the  temperature 
down  as  the  stock  descends,  and  generates  a  large  volume  of  steam 
which  should  tend  to  prevent  such  explosions.  This  dampening  effect 
is,  however,  counteracted  by  the  decomposition  of  water  by  the  in- 
candescent carbon  in  the  charge,  forming  a  large  amount  of  hydrogen, 
which,  with  the  excessive  amount  of  carbon  monoxide,  makes  a  very 
explosive  gas. 

The  composition  of  a  typical  "blowing-out'*  gas,  as  analyzed  by 
the  plant  chemist,  is  as  follows: 

Resfdts  of  sampling  hlowinff-out  gat. 
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The  temperatures  of  blast-furnace  gases,  from  obearvations  by  the 
writer,  are  unusually  low,  and  it  is  to  be  mentioned  that  temperatures 
taken  at  the  furnace  top  were  from  100°  to  415*"  F.  higher  than  those 
observed  at  the  downcomer. 

The  composition  of  another  "  blowing-out "  gas,  as  determined  by 
the  plant  chemist,  was  as  follows : 

Composition  of  gas  from  furnace  heing  hloxon  out. 
(Foxxiaod  blow-oQt  started  at  10  a.  bl;  analyaia  started  at  8  p.  m.  and  oantinned  11010-17.] 
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DANGER  PBOM  ACCUMXJIiATIONS  OF  WATEH. 

In  one  instance  a  gas  sample  taken  by  accident  just  as  a  furnace 
made  a  slip  in  blowing  out  contained  20  per  cent  hydrogen.  This 
points  out  a  second  danger  in  blowing  out,  that  if  the  stock  wedges 
and  hangs,  and  water  is  continuously  sprayed  in,  the  hanging  part 
may  become  excessively  saturated  with  water,  possibly  a  pool  col- 
lecting on  top  of  the  stock.  When  the  slip  occurs,  this  water  is 
precipitated  into  the  ii;icandescent  coke  and  walls  beneath,  and  the 
generation  of  steam  and  water  gas  may  result  in  an  explosion.  In 
one  case,  where  two  rings  of  the  furnace  shell  were  split  in  a  "  blow- 
ing-out "  explosion,  the  evidence  indicates  that  this  had  occnrred. 

In  addition  to  this  danger  is  the  one  encoimtered  when  the  large 
bell  hopper  on  top  fills  with  water  and  the  bell  is  dropped  or  opened 
at  the  end  of  blowing  the  furnace  out.  Two  instances  of  this  kind 
are  known  to  have  occurred  within  the  past  few  years.  In  one  of 
these  the  bell  and  hopper  were  sealed  with  flue  dust  and  the  beU  to 
keep  it  cool  was  being  sprayed.  It  was  supposed  that  the  seal  was 
insufficient  to  retain  water  on  the  bell,  but  the  imexpected  happened. 
The  hopper  became  full  of  water,  and  when  the  bell  was  lowered 
at  the  end  of  the  last  cast,  the  water  dropped  into  the  furnace,  in 
which  the  red-hot  stock  was  at  a  little  below  the  mantle  and  the  walls 
presumably  were  red-hot.  The  resulting  explosion  blew  the  bell  and 
hopper  out  of  the  top  and  wrecked  the  top  rigging.  Several  ex- 
plosion doors  on  the  gas  offtakes  did  not,  apparently,  relieve  the 
pressure.  In  the  other  case  the  hopper  was  filled  with  water  by 
design,  in  order  to  keep  the  bell  and  hopper  from  warping,  and  it  was 
opened  by  mistake  with  a  less  serious  explosion. 
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ACCIDBNT  FROM   DRAFTING   GAS   FROM   DOWNCOMER. 

The  final  danger  lies  at  the  end  of  blowing  out,  when  an  attempt 
is  sometimes  made  to  draft  gas  out  of  the  downcomer  and  dust 
catchers.  The  following  description  is  typical  of  the  manner  in 
which  such  accidents  occur: 

After  the  cast  was  made  the  furnace  was  drafted  back  until  all 
blowpipes  were  dropped,  when  the  engines  were  stopped.  Eight 
tuyeres  had  been  pulled  <md  men  were  working  on  the  ninth  when  a 
violent  explosion  of  gas  took  place  in  the  dust  catcher  and  down- 
comer,  which  forced  a  sheet  of  flame  and  red-hot  coke  out  of  each 
tuyere  opening.  The  condition  of  the  gas-main  system  was :  Bleeder 
on  top  of  the  furnace  open,  little  bell  open,  large  bell  closed,  bleeder 
on  the  dust  catcher  open,  and  bleeder  at  the  end  of  the  gas  line  open. 
The  explosion  took  place  between  15  and  20  minutes  after  the  blast 
was  taken  off  the  furnace*  Inasmuch  as  the  downcomer^  dust  catcher, 
and  mains  were  full  of  gas,  the  draft  induced  by  the  open  bleeder 
on  top  caused  air  to  be  drawn  in  at  the  dust-catcher  and  gas-line 
bleeders.  Whatever  air  entered  through  the  dust-catcher  bleeder  was 
intimately  mixed  with,  the  current  of  gas  moving  into  the  dust 
catcher  by  virtue  of  the  op^oi  bleeder  at  the  end  of  the  gas  main. 
From  the  hi^  top  temperature  obtained  in  blowing  out,  the  brick- 
work in  the  top  of  the  furnace  was  at  better  than  a  bright-red 
temperature,  and  thus  ignited  and  exploded  the  intimate  mixture 
of  gas  and  air.  From  the  point  of  view  of  plant  damage,  the  most 
destructive  effect  of  the  explosion  was  in  the  bleeder,  downcomer,  and 
dust  catcher.  The  ejection  of  hot  coke  and  flame  at  the  tuyere 
caused  the  death  or  severe  injury  of  several  men. 

This  explosion  was  directly  caused  by  opening  the  dust-catcher 
bleeder.  Had  only  the  bleeder  at  the  end  of  the  main  been  opened, 
the  effect  of  the  draft  would  have  been  to  exhaust  all  the  combustible 
gas  from  the  system,  as  the  gas,  being  followed  by  air  from  the  end 
bleeder,  would  not  have  had  as  great  a  chance  for  mixing  with  the 
air.  It  would  probably  have  been  still  better  not  to  draft  out  the 
mains  imtil  the  furnace  had  partly  cooled  at  the  top. 

ICETHOBS  OF  BLOWINO  OUT  PRACTICED  AT  THE  18  PLANTS. 

The  methods  of  blowing  out  followed  at  the  18  plants  for  which 
the  proceduce  in  blowing  in  has  been  described  (see  pp.  130  to  146) 
are  summarized  in  the  following: 

PLANT   1. 

We  use  water  through  the  test  holes,  watching  the  temperature  of  the  gases, 
and  as  the  temperature  rises  we  increase  the  water,  and  after  about  six  hours' 
time  we  drop  from  one  to  two  reyolutions  per  hourr  according  to  our  gas  tem- 
perature.   It  takes  about  20  to  24  hours  to  get  aU  the  material  out  above  the 
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tuyeres.  As  soon  as  we  find  that  all  the  material  has  been  consomed,  before 
taking  off  the  blast  we  close  the  main  gas  valve  and  open  the  bleeder.  The 
bells  are  allowed  to  remain  closed,  and  also  the  relief  valve  on  the  bustle  pipe 
and  the  caps  on  the  tuyeres.  The  furnace  is  allowed  to  stand  for  several  hours 
with  water  on  the  test  holes,  but  when  water  is  being  put  on  the  large  bell  to 
keep  it  cool  care  is  taken  that  it  does  not  accumulate,  and  It  should  be  examined 
before  opening  the  large  bell,  as  a  large  amount  of  water  being  thrown  into  the 
furnace  is  liable  to  cause  an  explosion.  Care  should  also  be  taken  that  the 
large  bell  is  kept  open  before  any  work,  such  as  taking  down  the  tuyeres  or 
blow  pipes,  is  attempted. 

PLANT    2. 

We  see  that  we  have  a  sure  supply  of  water  for  blowing  down  and  good 
pumps  for  same.  The  further  preparation  is  to  place  |-inch  water  pipe  in  each 
try  hole  at  the  top  and  a  1-inch  pipe  in  the  receiving  hopper.  The  bells  are 
kept  so  as  to  not  close  tight,  but  to  allow  the  water  put  on  the  bells  to  pass 
through.    No  stock  is  kept  on  the  bells  while  blowing  down. 

While  blowing  out  the  furnace  is  checked  every  hour  and  the  blast  is  re- 
duced as  the  stock  goes  down.  About  15  hours  is  needed  to  complete  the 
work.  The  water  is  started  to  pump  into  the  top  about  1  to  11  hours  aft^  we 
stop  charging,  and  this  is  generally  at  a  time  when  we  can  finish  the  "blow- 
out" in  a  day's  time.  In  order  to  keep  the  top  gas  from  getting  too  hot  we 
put  a  regular  charge  of  stock  into  the  furnace  every  2  to  21  hours  until  about 
4  hours  of  the  furnace  being  out.  We  keep  watch  of  the  top  heat,  and  if  the 
temperature  goes  up  to  700^  to  800^  F.  we  add  water  by  the  use  of  the  skip, 
half  a  skip  at  a  time.  The  pumps  are  so  arranged  that  at  casting  time  we  can 
stop  and  open  the  valve,  thus  permitting  all  water  to  run  out  of  the  pipes  three 
to  five  minutes  before  we  take  the  blast  off  to  close  the  iron  hole.  The  gas 
while  blowing  out  is  used  as  much  possible  and  the  balance  goes  to  waste. 
When  the  furnace  is  down  close  to  the  tuyeres,  which  can  be  told  by  its  appear^ 
ance,  the  valve  which  cuts  off  the  gas  from  the  other  furnace  is  closed.  The 
water  pump  into  the  furnace  is  taken  off  and  the  bells,  Bleeders,  and  explosion 
doors  opened  before  the  blast  is  taken  off.  Dust  catchers  and  gas  mains  are 
kept  closed. 

As  soon  as  the  blast  is  off  we  take  down  a  couple  of  blowpipes,  pull  the 
tuy^es,  and  pull  coke  to  get  a  couple  of  good  holes  through  the  stock  to  bum 
all  gas  produced  in  the  stock  in  the  bottom.  As  soon  as  this  is  done,  we  take 
down  all  blowpipes,  warn  all  men  away  from  the  blast  furnace,  and  start  the 
pump  to  drown  out  the  furnace,  all  the  openings  in  the  top  of  the  furnace  being 
kept  open.  After  12  or  15  hours  of  pumping  the  furnace  Is  in  condition  to 
dismantle. 

PLANT    3. 

A  2-lnch  water  line  is  run  to  the  top  of  the  furnace  with  four  connections  to 
regulating  valves  on  same  and  all  controlled  by  a  master  valve  at  the  bottom 
of  the  furnace,  and  three  spray  pipes  are  put  into  the  gaging  holes,  one  in  eadi 
hole,  with  the  holes  in  the  pipes  turned  toward  the  center  of  the  furnace. 

In  the  big  bell  we  place  about  10,000  pounds  of  good  coarse  ore  around  the 
apex.  The  bell  is  clamped  closed  and  all  valves  or  dust  catchers  left  in  running 
position. 

After  the  top  is  put  In  condition,  as  stated  above,  the  blast  is  turned  on  and 
a  small  amount  of  water  is  sent  through  all  four  connections.  As  blowing  oat 
proceeds,  the  volume  of  air  is  reduced  as  conditions  warrant  and  the  quantity  of 
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water  increased,  m>  that  the  gaa  temperature  approximates  900*  O.  or  less. 
When  the  stock  gages  about  the  top  of  the  bosh,  the  bleeders  and  explosion 
doors  are  opened,  and  shortly  after  that  the  valve  at  the  dust  catcher  is  closed, 
and  all  gas  led  out  of  the  top  of  the  furnace. 

Tbe  furnace  is  now  cast  and  blown  as  dry  as  possible,  leaving  about  S  feet 
of  stock  about  the  tuyeres,  the  blast  taken  off,  and  the  gas  drafted  back 
through  the  stoves,  all  explosion  doors  and  bleeders  on  top  of  the  furnace 
opened,  and  a  full  head  of  water  turned  in  on  top ;  and  the  furnace  is  let  stand 
for  12  hours.  Then  the  blowpipes  are  removed  and  the  tuyeres  pulled,  what 
little  stock  is  left  in  the  furnace  is  raked  out,  the  furnace  now  being  cold,  and 
the  big  bell  is  lowered. 

As  a  general  proposition  our  big  bells  leak  enough  to  permit  all  the  water 
from  the  circle  pipe  at  the  apex  of  the  bell  to  run  into  the  furnace.  If  such  is 
Dot  the  case,  the  bell  is  opened  and  closed  against  two  pieces  of  i-inch  round 
or  square  steel  supported  from  the  gas-sealing  hood  doors,  so  as  to  ];)ermit  the 
water  to  run  into  the  furnace,  but  this  is  a  rare  condition. 

When  the  blast  is  taken  off  the  furnace  for  casting,  the  water  is  shut  ofT  at 
tbe  top  until  the  blast  is  again  put  on. 

FLANT  4. 

Our  procedure  is  as  follows :  Start  about  10  a.  m.  Take  12  per  cent  of  the 
weight  off  the  furnace;  take  one-half  the  lime  content  ofT  the  burden  every 
second  charge  for  eight  times.  At  2  p.  m.  let  the  furnace  work  down  slowly 
to  about  32  feet ;  put  in  one  charge  about  every  half  hour  to  keep  the  top  cool. 
At  3  p.  m.  reduce  the  blast  about  14  to  17  per  cent  When  furnace  is  down  to 
about  32  feet,  put  in  20  skips  of  coke,  then  put  2,000  pounds  Mesabi  ore  on  the 
big  bell.  At  the  next  cast  hold  the  blast  off  the  furnace  to  get  spray  on  the 
small  bell.  The  spray  on  the  small  bell  is  1-inch  pipe  bent  in  a  circle  about 
2  feet  in  diameter ;  the  holes  in  the  pipe  are  three-eighths  inch  in  diameter  and 
are  3  inches  apart  Also  put  in  two  spray  pipes,  one  on  each  side  of  furnace, 
in  test  holes ;  these  sprays  are  made  of  1-inch  pipe,  11  feet  long,  one  end  of  the 
pipe  being  plugged.  The  holes  in  these  sprays  are  one-eighth  inch  in  diameter 
and  about  1  inch  apart,  and  there  are  three  rows  of  holes  extending  up  5  feet 
from  the  bottom  end  of  the  pipe.  These  sprays  are  connected  by  a  1-lnch  hose 
to  a  manifold  placed  on  top  between  No.  1  and  No.  2  stoves.  There  is  a  2-inch 
pipe  leading  from  a  150-pound  pressure  line  to  the  manifold.  This  manifold 
has  connection  for  spray  on  bleeder  stack  or  for  other  sprays,  if  needed. 

As  soon  as  water  is  turned  on,  the  bleeder  is  oi)ened  wide,  and  the  IJ-inch 
valve  on  the  connecting  sprays  is  opened  two  full  turns  of  the  wheels  after  the 
blast  is  turned  on  the  furnace.  The  water  is  turned  off  in  the  sprays  about 
three  minutes  before  the  blast  is  taken  off  at  cast  time;  the  furnace  is  then 
gaged  with  a  long  wire  with  a  weight  on  to  see  how  far  down  the  stock  is  in  the 
furnace. 

After  the  blast  is  on  the  furnace  the  water  is  turned  on  in  the  sprays.  When 
the  stock  is  down  alx>ut  2  feet  below  the  mantle  the  last  cast  is  taken  from  the 
furnace,  the  blowpipes  taken  down,  and  the  tuyeres  plugged  with  clay;  then 
the  gas  valves  are  closed,  the  large  bell  opened  wide,  and  the  bleeder  is  left 
open.  The  sprays  are  then  taken  off  and  a  full  head  of  water  is  turned  on  the 
furnace.  The  tuyeres  and  coolers  are  left  in  the  furnace  until  the  gas  has  died 
out  and  water  is  running  out  of  the  tuyeres  and  coolers.  The  tuyeres  and  cool- 
ers are  then  removed. 
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PLANT  5. 

After  the  last  charge  the  stock  Is  covered  with  about  10  toDS  of  coke  dust,  and 
l^-inch  water  pipes  are  placed  In  the  four  try  holes  in  the  top  of  the  furnace 
CO  ke^  the  top  heat  down.  This  water  runs  steadily  up  to  24  hours  after  the 
furnace  is  out  The  bell  is  kept  shut  and  is  covered  with  wet  ore  to  help  keep  it 
cool.  The  bleeder  is  kept  shut  until  the  top  temperature  gets  high,  when  the 
bleeder  is  easily  opened. 

After  the  stock  is  covered  with  coke  dust  the  wind  is  gradually  cut  by  slack- 
ing the  engines  one  revolution,  or  about  300  cubic  feet  every  20  minutes,  down 
to  half  blast,  which  is  reached  in  live  or  six  hours.  One  engine  alone  then 
maintains  this  half  blast  until  the  furnace  is  out  It  would  be  safer  to  keep 
two  engines  on,  but  they  could  not  run  slowly  enough  to  deliver  the  small 
amount  of  air  necessary. 

Just  before  the  last  cast,  when  tlie  stock  level  is  at  about  the  level  of  the 
tuyeres,  the  iron  runner  is  removed.  The  last  cast  is  then  taken  out  through 
a  hole  in  the  hearth  Jacket,  18  inches  below  the  iron  notch,  for  the  purpose  of 
reducing  the  size  of  the  remaining  salamander.  After  the  last  cast  and  while 
the  blast  is  still  on  the  furnace,  the  bell  is  opened  and  is  left  open,  and  the 
downcomer  valve  is  shut.  The  wind  is  now  taken  off  the  furnace,  the  blowpipes 
taken  down,  and  the  remaining  blowing  engine  stopped.  The  door  in  the  down- 
comer.  Just  over  tlie  downcomer  valve,  and  the  valve  in  the  bottom  of  the  dust 
catcher  are  npw  opened,  and  any  remaining  gas  passes  up  and  out  of  the  top  of 
the  furnace. 

After  blowing  out,  the  furnace  and  stoves  are  roped  off  for  at  least  24  hours, 
to  keep  the  men  out  of  danger  of  possible  explosion. 

A  furnace  was  blown  out  according  to  the  above  schedule.  The  gas  was 
quiet;  there  were  no  puffs  nor  any  explosions  whatever.  The  stock  level  was 
blown  to  below  the  tuyeres  and  a  salamander  about  8  inches  thick  was  all  that 
remained. 

PLANT  6. 

Perforated  water  pipes,  l-lnch,  placed  in  two  of  the  test  holes  on  opposite 
sides  of  the  furnace,  with  valves  controlling  the  flow  at  the  bottom  of  furnace. 
The  furnace  Is  tested  with  a  rod  at  intervals  to  make  sure  that  the  stock  is 
descending  regularly.  When  the  top  temperature  reaches  900*  to  1,000*  F. 
water  Is  turned  on  and  allowed  to  spray  into  the  top. 

The  air  blown  per  minute  is  reduced  as  tlie  stock  descending  and  the  condi- 
tion of  gas  on  top  necessitates.  When  the  stock  level  is  in  the  neighborhood  of 
the  mantle,  the  water-seal  valves  on  each  side  of  the  main  dust  catcher  are 
closed  and  the  bleeder  opened.  When  the  stock  Is  level  with  the  tuyeres  the 
last  cast  Is  made,  and  when  the  snort  valve  is  opened,  both  bells  are  opened 
and  the  water  shut  off. 

One  man  is  sent  around  the  furnace  to  loosen  the  caps  on  the  penstocks  and 
no  one  else  goes  near  the  furnace.  After  everyone  is  away  from  the  furnace  a 
large  volume  of  water  is  turned  in  and  the  furnace  Is  allowed  to  stand  under 
these  conditions  for  at  least  18  hours. 

PLANT    7. 

The  stock  level  is  lowered  and  about  a  carload  of  boiler-house  ashes  put  in. 
Chains  or  cables  are  hung  from  the  lugs  of  the  large  bell  hopper  to  ke^  the 
bell  open,  making  it  impossible  for  a  large  amount  of  water  to  collect  on  the 
bell.    Perforated  pipes  are  run  down  the  try  holes  to  wet  the  stock  and  keep 
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tbe  top  coot  A  xnressiire  gage  is  put  In  the  main  water-feed  line  to  Ineure 
against  the  stoppage  of  a  suiBcient  flow  of  water.  The  blast  is  reduced  as  the 
top  temperature  rises,  and  it  Is  the  aim  to  keep  this  temperature  below  800*"  F. 
When  the  gas  gets  in  such  a  condition  that  it  does  not  bum  freely  in  the  stoves, 
or  trouble  Is  experienced  In  the  gas^nglne  room,  the  water  seal  between  the 
fornace  and  the  overhead  main  Is  filled  and  immediately  steam  is  put  into  the 
dust  catcher  between  the  furnace  and  the  water  seal.  All  bleeders  are  closed 
with  the  exception  of  those  on  top  of  the  furnace,  and  the  gas  Is  thereby  driven 
up  through  the  top  of  the  furnace.  After  the  furnace  Is  cast,  and  before  the 
blast  is  taken  off,  both  bells  are  low^ed.  The  blast  Is  then  taken  off  and  the 
blowpipes  are  taken  down  one  at  a  time  by  one  gang  of  men,  in  order  to  mini- 
mize the  danger.    The  furnace  Is  then  roped  off  for  a  period  of  48   hours: 

PLANT    8. 

Wato*  is  introduced  by  means  of  spray  pipes  through  the  try  holes  as  soon 
as  possible  after  charging  has  stopped.  The  sprays  are  made  from  f-inch  pipe 
with  staggered  holes  punched  over  an  area  of  about  10  feet  of  its  length  with 
tbe  ends  of  the  pipes  closed.  The  sprays  are  connected  with  a  hlgh-inressure 
system,  thus  Insuring  adequate  water  at  all  times. 

After  the  stock  has  settled  to  about  20  feet  the  blast  Is  taken  out  and  about 
90  tons  of  coke  dust  thoroughly  saturated  with  water  is  charged  into  the  fur- 
nace with  enough  limestone  to  flux  the  ash.  During  the  time  the  coke  dust  Is 
being  charged,  no  water  Is  allowed  to  ent^  the  top  of  the  furnaces  until  the 
blast  Is  again  turned  on.  The  furnace  Is  gaged  every  hour  or  oftener,  although 
if  the  contrary  is  found  to  be  the  case  the  blast  is  reduced  and  the  furnace  is 
slipped  In  the  usual  manner.  The  blast  pressure  Is  gradually  lowered  to  meet 
existing  conditions.  Practically  full  blast  is  maintained  during  the  **  blow-out.** 
As  soon  as  the  furnace  shows  signs  of  getting  wild,  the  volume  of  blast  is  re- 
duced. 

'  The  amount  of  water  is  increased  to  keep  the  top  temi)erature  as  low  as 
possible,  and  at  no  time  Is  it  allowed  to  get  above  1,000**  F.  The  gas  is  regu- 
lated at  the  stoves  to  Ineet  conditions.  The  water  seal  is  filled  immediately 
after  the  final  cast  is  finished  and  the  tapping  hole  Is  left  open.  Before  the 
blast  Is  taken  off,  both  bells  and  bleeders  are  opened.  The  blowpipes  are  taken 
down  and  the  tuyeres  withdrawn  right  after  the  blast  is  taken  off.  The  water 
is  turned  off  at  the  top  while  this  Is  being  done.  As  soon  as  the  tuyeres  are  all 
removed,  water  is  put  at  the  tuyere  arches  and  again  turned  on  top  of  the  fur- 
nace through  try  holes.  The  water  is  left  on  until  the  stock  is  thoroughly 
cooled. 

As  soon  as  the  blowpipes  are  disconnected  from  the  bustle  pipe,  engines  are 
shut  down. 

PLANT   9. 

When  the  blowing  out  of  a  furnace  Is  not  extemporaneous,  it  is  planned 
to  start  operations  at  such  a  time  as  to  allow  their  completion  on  an  after- 
noon of  a  day  turn.  Plenty  of  time  Is  taken  to  make  each  operation  com- 
pletely and  carefully.  The  ore  burden  is  decreased  for  12  hours  previous, 
depending  upon  the  heat  margin  on  which  the  furnace  has  been  working. 

The  limestone  burden  Is  decreased  12  to  24  hours  previous  to  putting  in 
the  last  charge,  800  to  500  pounds,  depending  upon  the  size  of  the  charge 
and  the  general  working  conditions  of  the  furnace.  In  the  case  of  a  thln- 
Hned  fornace,  the  tenqperature  In  the  water  backets  would  be  allowed  to 


168         BIAST-PUKKAOE  BfifiAK0UT3^  fiXPlXIfilONS,  AKD  SUPS. 

increase  to  near  the  boiling  x)oint,  but  not  to  it.  All  steam  lines  to  flie 
dust  catchers,  etc.,  are  thoroughly  tried  out  preTlous  to  starting,  to  make 
sure  that  there  will  be  a  maximum  flow  of  steam  provided  when  required. 

The  last  two  or  three  charges  are  made  up  of  ore  alone,  and  for  several 
previous  to  this  about  one-half  of  the  limestone  is  taken  off,  or  the  stone 
is  left  off  entirely  for  two  or  three  charges.  Shortly  after  the  last  filling 
has  been  put  in,  four  li-inch  pipes  about  10  feet  long  are  inserted  into  the 
top  of  the  furnace  through  the  try-rod  holes,  the  blast  being  taken  off 
meanwhile.  These  pipes  are  drilled  with  i-inch  holes,  and  the  holes  pointed 
toward  the  center  of  the  furnace.  A  gage  is  put  in  the  water  line  at  tbe 
bottom  of  the  furnace  so  that  an  idea  may  be  obtained  from  the  pressures 
as  to  the  relative  amount  of  water  being  used.  While  these  pipes  axe  being 
put  in  the  receiving  hopper,  all  of  the  filling  apparatus  is  examined  to 
make  sure  that  there  is  not  an  undue  amount  of  material  accumulated  which 
may  wash  down  later  onto  the  large  bell  and  seal  the  small  opening  between 
the  bell  and  hopper,  which  will  be  made  at  this  time  by  inserting  i-inch 
or  }-inch  flat  bars  between  them  and  closing  the  beU. 

Blowing  down  is  then  continued  and  the  top  heats  kept  under  800*  F. 
by  means  of  water  through  the  spray  pipes,  and  small  amounts  of  water 
at  short  intervals,  if  necessary,  through  the  opening  between  the  bell  and 
hopper,  the  water  b^ng  conveyed  to  this  point  by  means  of  the  skip  cars. 
The  volume  of  blast  is  reduced  meanwhile  as  the  pressure  fftlls  off  and  la 
lowered  If  necessary  to  assist  in  reducing  the  top  temperature.  Only  eoougb 
heat  is  supplied  to  the  blast  to  keep  the  furnace  from  working  oold.  Two 
or  three  hours  before  blowing  down  is  completed  it  is  made  sure  that  the 
dust  catchers  are  all  empty. 

Steam  is  turned  on  for  three  or  four  hours  before  the  blast  is  taken  off, 
and  when  the  quality  and  quantity  of  the  gas  is  such  as  to  affect  any  of  tbe 
operating  x)oints  materially  the  water-seal  valves  are  filled  and  the  mixture 
of  gas  and  steam  blown  out  through  the  furnace  bleeders.  After  these  valves 
have  been  filled,  everything  between  them  and  the  top  of  the  furnace  la  kept 
closed. 

When  it  is  ai^arent  that  blowing  down  is  practically  complete  (as  shown 
by  coke  just  above  the  tuyeres)  the  blast  is  reduced  slowly,  and  finally 
some  of  the  air  is  permitted  to  escape  through  the  snort  valve.  Then 
the  bells  are  closed,  after  which  the  blast  is  taken  off  and  the  hot  and 
cold  blast  valves  dosed. 

One  man  is  then  assigned  to  open  the  issq^  on  the  tuydre  stocks,  after 
which  the  ^igines  are  shut  down.  All  passageways  to  the  cast  house  are 
then  closed  and  kept  closed  until  the  morning  of  the  second  day  following 
(about  36  hours),  when  the  blowpipes  are  dropped ^  and  a  few  men  put  to 
raking  out  the  coke,  no  other  laborers  being  permitted  around  the  furnace. 

A  noticeable  quantity  of  steam  will  be  kept  coming  out  of  the  furnace 
top  until  enough  coke  has  been  raked  out  at  the  bottom  to  allow  free  burn- 
ing of  any  gases  formed.  After  this  has  been  assured  other  lalMr  will 
be  permitted  around  the  furnace. 

PLANT  10. 

When  preparing  to  blow  out,  we  lighten  burden  to  a  1  to  1  ratlo^  and  take 
off  25  per  cent  of  the  limestone  during  the  bu|t  10  rounds.  Bef<Hre  the  last  four 
rounds  are  filled,  we  charge  two  rounds  of  ccdi:e  only,  and  end  by  charging  hi 
the  same  way.    We  then  shut  down  and  put  1-inch  spray  pipes  in  the  test-rod 
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holeB  and  aroimd  big  belL  The  spray  pipes  In  test-rod  holes  are  drilled  with 
two  rows  of  holes  to  direct  the  water  toward  the  center  of  the  fomaoe  and 
keep  It  off  the  walls. 

The  blast  Is  continued  at  the  normal  number  of  revolutions  until  top  heat 
becomes  800°  F.,  and  then  blow  enough  less  air  to  ke^  the  top  heat  at  not  over 
800**  F.,  with  water  going  through  spray  pipes  at  a  pressure  of  75  to  100  pounds. 
Enough  gas  Is  wasted  at  bleeders  to  keep  the  gas  pressure  less  than  8  inches  of 
water.  All  air  is  cut  off  around  the  gas  burner  on  the  stove  and  less  air  than 
Is  needed  to  burn  the  gas  is  admitted  through  the  blow-off  doors,  to  keep  the 
stoves  from  melting  in  the  bottom. 

We  blow  down  to  a  point  about  halfway  between  the  tuyeres  and  mantle. 
After  making  the  last  cast,  we  drill  In  as  low  as  we  can  in  the  iron  hole  to  drain 
as  well  as  possible. 

As  soon  as  the  last  cast  is  made,  the  blast  is  taken  off  the  furnace,  the  blow- 
pipes taken  down,  bleeders  left  open,  all  doors  on  gas  main  kept  closed,  and 
burners  at  stoves  and  boilers  racked  back  tight.  The  water  spraying  is  con- 
tinued on  top  until  it  begins  to  show  up  on  tuydres.  Then  the  tuyferes  and  cin- 
der notch  are  pulled  and  the  furnace  raked  out  through  the  tuyeres  and  cinder 
notch.  The  gas  mains  from  the  furnace  top  to  the  ends  are  kept  closed  until  all 
material  is  out  below  the  tuyere  level  and  the  furnace  is  fairly  cool. 

PLANT  11. 

When  ready  to  blow  down,  we  have  perforated  water  pipes  In  try  holes.  We 
aim  to  clean  out  coke  pockets,  and  use  the  small  coke  with  converter  cinder 
to  blow  down  on,  or  In  other  words  this  is  the  last  material  charged.  All  flue 
dast  Is  drawn  out  of  the  dust  catcher  and  all  valves  closed  as  tightly  as  possible. 
As  the  stock  in  the  furnace  keeps  going  down,  we  turn  water  (through  the 
perforated  pipes)  into  the  top  of  the  furnace  and  keep  increasing  the  volume  as 
the  top  temperature  rises.  When  furnace  gets  below  the  reach  of  the  test  rod, 
a  cable  with  a  weight  is  used  to  find  out  how  far  down  the  stock  Is.  This  is 
done  every  hour.  We  analyze  the  gas  when  blowing  a  furnace  down  and  when 
it  is  found  that  the  gas  is  not  usable,  the  furnace  is  cut  off  from  the  other  gas 
systems  by  the  water  seal  and  its  gas  blows  out  of  the  bleeders.  Steam  Is 
turned  into  the  dust  catcher  and  gas  main  at  this  time.  When  the  stock  is 
down  nearly  to  the  tuyeres,  the  tapping  hole  is  opened,  the  Iron  taken  out,  and 
the  hole  left  open  so  all  cinder  possible  may  drain  out.  The  blast  is  then  taken 
off  the  furnace  and  both  bells  opened.  After  the  blast  has  been  off  for  one 
hour,  the  caps  of  three  or  four  blowpipes  are  pulled  back  and  water  hose  put 
Into  these  blowpipes  In  order  to  drown  the  furnace.  After  three  or  four  hours, 
the  blowpipes  and  tuyeres  are  removed,  one  at  a  time. 

PLANT   12. 

Before  blowing  out  is  commenced  the  furnace  is  shut  down  and  sealed  off, 
while  the  main  bell  is  opened  and  four  i-inch  bent  rods  are  introduced  through 
doors  on  the  seal  and  placed  so  as  to  hold  the  bell  open  f  inch  when  it  Is  closed 
again.  The  hoppers  above  the  bell  are  thoroughly  cleaned  out  and  two  sprays 
made  of  1-inch  pipe  bent  nearly  to  a  circle,  and  perforated  so  as  to  spray  in- 
ward and  downward,  are  placed  so  that  one  sprays  upon  the  small  bell  and 
one  upon  the  main  bell.  The  last  charge  before  shutting  down  generally  carries 
some  extra  coke,  more  or  less  depending  upon  the  condition  of  the  furnace. 
Nothing  is  charged  after  the  sprays  are  placed  and  no  material  is  carried  on 
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either  bell  during  the  blowing  out.    The  blast  is  slackened  shortly  after  the 
charging  is  discontinued.    The  rate  of  blowing  out  is  shown  below : 

Time  after  charging  Volume  of  air,  cable 

stopped,  hours.  feet  per  minute. 

None  (blast  at  usual  rate) 40,500 

1 SO,  000 

8 26, 250 

6 L 18,  750 

7 16. 875 

8 16.  500 

141 Blast  off. 

Enough  water  is  used  to  keep  the  top  of  the  furnace  below  800**  F.,  and  the 
blast  is  reduced  at  any  time  when  necessary  to  do  this.  The  furnace  is  checked 
once  an  hour  to  make  sure  that  it  Is  moving.  The  gas  from  the  furnace  becomes 
wet;  it  goes  into  the  gas  main,  however,  until  the  blowout  Is  completed.  The 
bleeders  on  top  of  the  furnace  are  often  opened  at  the  latter  end  of  a  blowout 
In  order  to  reduce  the  amount  of  wet  gas  going  into  the  main.  The  famoce  is 
gaged  by  hand  by  means  of  a  weight  on  a  long  wire  clothesline.  It  has  been 
our  practice  to  blow  partly  down  the  bosh  but  not  to  attempt  to  blow  com- 
pletely down  to  the  tuyeres,  partly  because  of  the  possibility  of  blowing  uncom- 
blned  air  into  the  gas  main  and  partly  because  a  little  pressure  in  the  furnace 
enables  some  iron  to  be  blown  out  on  the  last  cast  and  the  level  of  the  sala- 
mander lowered. 

After  the  last  cast  is  completed,  the  engine  Is  slackened  to  the  minimum 
rate  and  allowed  to  turn  over  against  the  snort  valve ;  the  water  seal  Is  closed. 

PLANT  13. 

The  furnace  is  stopped  and  spray  pipes  put  on  all  pipe  work  on  top,  where 
the  brick  is  gone.  Pipes  are  run  down  try-rod  holes,  two  if  possible,  one  being 
left  open  for  gaging  the  furnace.  A  circular  spray  is  put  around  the  apex  of 
the  bell  with  the  bell  shut.  Blast  is  put  on  the  furnace  and  the  water  regulated 
according  to  supply  needed  to  keep  the  exposed  plate  work  wet  and  have  bell 
spray  going  strong.  One-inch  pipe  is  used  in  the  try  hole,  or  2-inch  if  possible 
The  engine  speed  Is  regulated  to  keep  the  top  heat  below  1,000°  F.  and  the  fur- 
nace  is  gaged  every  30  to  45  minutes  until  about  70  feet  is  reached.  Casting 
and  flushing  are  continued,  with  an  effort  to  have  the  furnace  about  empty  when 
through  with  the  last  cast. 

If  the  furnace  does  not  move  regularly,  it  is  checked,  and  if  serious  hanging 
takes  place,  say  for  four  hours,  the  blast  is  checked,  but  as  a  rule  any  '^scabs'* 
come  off  as  the  furnace  empties.  The  last  cast  is  made  when  the  furnace  is 
Judged  to  be  about  empty,  and  the  iron  notch  is  kept  open  until  the  stock  gets 
down  to  the  level  of  the  tuyeres.  The  blast  is  taken  off  and  stoves  and  boiler- 
house  burners  closed.  The  bleeders  are  left  open  and  the  bell  is  left  closed 
for  at  least  six  houra 

The  gas  is  drawn  back  through  the  stove,  the  blowpipes  are  taken  down,  four 
coolers  taken  out,  and  the  stock  raked  out.  Water  is  left  running  into  the 
try-rod  holes  and  onto  the  bell  for  about  six  hours,  then  shut  off.  The  furnace 
is  then  considered  blown  out. 

PLANT  14. 

Water  connections  are  made  on  top  to  give  about  six  }-lnch  lines  running 
about  three-fourths  full.  We  have  never  estimated  the  amount  of  wat^ 
exactly,  but  use  sufficient  to  keep  the  gas  and  top  cooled  down.    If  the  furnace 


OAS  EXPLOSIONS  AT  BLAST  VUBXTACBS.  161 

has  been  working  irregnlarly  and  given  signs  of  a  scaffold,  the  coke  blank  on 
the  last  period  of  filling  may  be  800,000  pounds,  but  If  we  are  not  uneasy  about 
the  fomace,  this  may  be  reduced  to  200fiOO  pounds.  Ail  water  yalves,  etc,  on 
the  lines  are  examined  to  see  that  they  are  In  good  condition. 

After  tiie  coke  blank  is  pnt  in,  the  large  bell  Is  propped  open  abdnt  three- 
fourths  of  an  inch.  The  small  bell  Is  kept  closed  and  the  bleeder  stack  la 
opened.  The  six  water  sprayers  are  now  passed  into  the  gas  seal  and  roddlng 
hole.    The  blast,  in  the  meantime,  has  been  taken  off  the  furnace. 

The  blast  Is  then  put  back  on  the  furnace  and  water  permitted  to  run  through 
the  six  ^inch  pipes  into  tlie  furnace.  Men  are  on  the  stoves  during  this  time 
watching  the  taj^  closely.  The  volume  of  air  Is  now  reduced  to  apiNroxlmately 
00  per  cent  of  the  original  amount  and  Is  gradually  reduced  every  two  hours. 

After  approximately  20  hours'  time  the  blast  will  be  down  to  about  10,000 
cubic  feet  p^  minute,  and  we  can  as  a  rule  see  across  trom  tuyere  to  tuy^ra 
In  the  meantime,  wh^i  the  furnace  is  beginning  to  get  this  low,  the  tapping 
hole  Is  C9>ened  and  the  last  cinder  and  iron  allowed  to  run  out  The  water  on 
the  top  is  then  shut  off.  After  as  much  of  the  cinder  and  Iron  is  removed  as 
possible  the  snort  valve  on  the  blast  line  is  opened  and  the  stove  valve  closed. 

The  engine  is  allowed  to  turn  over  slowly  for  some  time  after  this  before  the 
tuydres  are  tak^i  down.  After  30  or  40  minutes  three  of  the  tuyeres  at  a  time 
are  opened  at  different  points  around  the  furnace  and  plugged,  water  pipes  are 
placed  in  on  the  coke  and  water  is  allowed  to  flow  through  them.  This  has  the 
effect  of  forcing  a  little  more  cinder  and  iron  out  through  the  tapping  hole. 

This  may  be  k^t  up  for  two  or  three  hours  until  no  more  material  can  be 
drained  from  the  hearth,  after  which  time  all  blowpipes  are  taken  down  and 
the  tny^es  pulled  and  the  furnace  allowed  to  stand  until  thoroughly  cool  inside. 

PLANT    15. 

Our  practice  In  blowing  a  furnace  out  Is  to  place  f-lnch  pipe  in  at  least  two 
of  the  try-rod  holes.  The  bottoms  of  these  pipes  are  perforated  so  as  to  throw 
the  water  in.  the  form  of  a  spray  underneath  the  bell,  and  this  has  a  tendency 
to  keep  the  top  of  the  furnace  cooler  iSian  any  of  the  other  methods  we  have 
tried.  There  is  also  a  small  spray  pipe  on  the  top  of  the  bell.  A  little  coarse  ore 
is  q;>read  around  the  seat  of  the  bell  and  hopper.  During  the  last  hour  or  two 
that  the  furnace  is  being  blown  out  the  water  seal  Is  closed  and  the  blowing  out 
finished  through  the  bleeders.  At  least  one-half  hour  before  taking  the  blast  off 
and  diving  the  time  that  the  furnace  is  putting  out  her  last  cast  we  always 
dose  the  valve  on  the  water  line  and  break  the  union  so  as  to  disconnect  the 
pipe  entirely  from  the  furnace ;  this  to  make  sure  that  no  water  is  going  into 
the  furnace,  which  would  be  liable  to  generate  hydrogen  gas.  After  the  blast 
is  taken  off,  one  blowpipe  is  dropped  at  a  time  and  each  tuydre  plugged  imme- 
diately with  clay,  so  that  the  furnace  can  not  draft  any  air  through  the  bottom 
and  continue  making  gas.  As  soon  as  all  the  blowpipes  are  down  and  the 
tuyferes  plugged  the  large  bell  is  lowered,  and  the  furnace  is  then  drowned  with 
water.  It  has  always  been  our  practice  before  taking  the  blast  off  to  fill  the 
dust  catcher  and  gas  main  from  the  water  seal  to  the  furnace  with  steam  and 
we  have  not  had  any  trouble  as  regards  having  any  ''kicks"  from  gas  ex- 
plosions. 

We  always  start  to  blow  a  furnace  out  about  9  p.  m.,  so  that  the  night  shift 
can  get  along  without  any  supervision,  and  the  furnace  can  be  finished  In  the 
daytime  under  the  direct  supervision  of  the  superintedent.  This,  we  think, 
is  a  better  plan,  as  It  Is  a  good  deal  easier  to  do  the  work  in  the  daytime  than 
at  night 
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PLANT  16. 

When'  possible,  filling  Is  always  stopped  at  soch  times  as  will  permit  the  fur- 
nace being  blown  out  during  daylight.  No  change  in  burden  or  addition  of 
coke  Is  made  In  the  last  filling.  All  gas  is  directed  Into  mains  in  the  usual 
manner  until  the  gas  becomes  wild,  owing  to  the  addition  of  water  for  cooling 
the  top.  Excess  gas  is  taken  care  of  through  bleeder  yalTes.  The  blast  is 
reduced  as  the  stock  line  falls.  When  low  pressure,  coke,  cinder,  time  elapsed, 
etc.,  Indicate  that  little  stock  remains  in  the  furnace,  the  gas  valves  leading 
from  the  dust  catchers  into  the  gas  mains  are  closed  and  the  gas  from  the 
furnace  being  blown  out  Ifl  allowed  to  escape  from  the  bleeders  until  the 
process  is  completed. 

The  furnace  top  is  kept  cool  by  water  sprays,  and  the  main  sealing  bell  is  k^t 
<Hosed  or  only  slightly  open  In  case  it  is  considered  essential  for  saving  the 
edge  of  the  bell  projecting  below  the  sealing  point  on  the  h^HVer.  A  hole  is 
usually  drilled  in  the  apex  of  the  bell  and  a  pressure  spray  pipe  inserted  for 
additional  cooling  of  the  bell  from  inside.  No  water  other  than  from  this 
pipe,  or  from  the  external  cooling  of  the  bell  and  top,  is  permitted  to  go  into 
the  furnace.  Special  precautions  should  be  taken  to  see  that  there  is  no 
accumulation  of  water  on  the  furnace  top,  as  the  precipitation  of  any  con- 
siderable quantity  into  the  Incandescent  crucible  or  bosh  will  cause  an  ex- 
plosion which  may  be  disastrous. 

The  iron  notch  is  usually  left  open  after  the  last  cast  so  that  the  remaining 
cinder  may  run  out  as  it  Is  melted  down  during  the  last  stages  of  blowing  out 
Our  usual  practice  is  to  blow  the  furnace  down  to  within  a  close  distance  to 
the  tuyeres. 

PLANT   17. 

As  soon  as  the  regular  filling  is  discontinued,  we  charge  Into  the  furnace 
about  15,000  pounds  of  wet  flue  dust  and  dump  onto  the  charging  bell  about 
2,000  pounds  of  sand  or  other  semifine  material  that  will  not  bdke  but  wiU 
partly  close  any  large  openings  between  the  bell  and  the  hopper.  Then  we 
take  the  blast  off  the  furnace  long  enough  to  block  the  bell  shut,  put  a  spray 
pipe  around  the  apex  of  the  bell,  and  spray  pipes  about  16  feet  long  down  each 
of  the  four  gage  holes.  The  amount  of  water  sprayed  on  the  bell  is  adjusted 
to  keep  the  bell  nearly  covered  with  water.  The  quantity  of  water  on  the 
gage-hole  spray  pipes  Is  regulated  to  keep  the  gas  temperature  less  than 
1,000'  F.  The  amount  of  air  blown  is  usually  reduced  about  15  per  cent  as 
the  furnace  Is  blown  down.  The  furnace  is  cast  every  three  hours  and  checked 
whenever  the  appearance  of  gas  and  other  indications  show  that  the  top  of 
the  stock  is  blown  down  to  the  neighborhood  of  the  tuyeres,  and  the  furnace  is 
cast  as  dry  as  possible.  During  this  cast  the  water  level  in  the  dust  catchers 
on  the  furnace  being  blown  out  is  raised  from  the  regular  operating  level, 
which  is  carried  30  inches  below  the  downtake,  to  72  inches  above  the  down- 
take,  which  seals  off  the  gas  and  confines  it  to  the  furnace  and  downcomers 
with  no  opportunity  for  the  ingress  of  air.  All  peep  sights  around  the  furnace 
are  wired  shut  After  the  gas  has  been  cut  off  in  the  above  manner,  the  snort 
valve  is  fastened  oj^en,  the  cold-blast  and  hot-blast  valves  closed,  and  a  blow- 
ing engine  kept  turning  over  for  12  hours,  when  the  blowpipes  are  taken  down 
and  the  dismantling  begun.  During  this  12-hour  period  the  bleeder  and  ex- 
plosion doors  remain  open,  no  opportunity  is  given  for  the  admission  of  air 
around  the  lower  part  of  the  furnace,  and  water  is  constantly  sprayed  through 
the  gage  holea 
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Onr  experience  and  the  attitude  obearred  in  others,  leads  ns  to  believe  that 
many  of  the  obscure  precautions  In  handling  blast-furnace  gas  are  apt  to  be 
neglected  as  not  essential.  It  strikes  us  as  pertinent  to  mention  an  Incident 
which  occurred  during  our  last  blow-out.  About  three  hours  after  casting, 
after  blowing  out,  a  mammoth  scab  dropped  a  distance  of  90  feet,  dislodged 
several  water  bloclos,  and  punched  a  hole  in  the  bosh. 

PLANT  18. 

The  water  seal  valve  separating  the  furnace  from  the  general  gas  main  or 
from  the  other  furnaces  Is  closed.  Four  spray  pipes  are  put  down  through  the 
rodding  holes  on  the  top  of  the  furnace.  A  rodding  device  also  is  reserved  in 
one  of  the  holes  In  order  to  determine  the  movement  of  the  furnace.  The  little 
bell  is  propped  open  and  a  spray  pipe  placed  across  the  top  of  the  gas  seal. 
Coarse  ore,  gravel,  or  limestone  is  placed  on  the  bell.  After  this  preparation 
the  bleeder  is  opened,  the  blast  put  on  the  furnace,  and  a  little  water  allowed 
to  flow  through  the  pipes.  After  the  stoclL  goes  down  the  gas  will  become  pretty 
wild,  but  this  is  overcome  by  allowing  more  water  to  enter  and  by  reducing  the 
Yolume  of  the  blast  The  furnace  is  rodded  and  checked  every  half  hour.  Care 
Is  exercised  at  all  times  to  keep  a  strong  outward  pressure  on  the  gas.  Three 
or  four  hours  after  the  water  is  allowed  to  enter  the  top  the  stoves  are  taken 
off  entirely  and  the  gas  is  taken  to  the  boilers,  one  boiler  after  another  being 
taken  off  until  only  the  last  battery  remains  at  the  end  of  the  blowing-out  period. 
The  furnace  is  generally  blown  down  until  such  time  as  pressure  can  not  be 
maintained  on  the  furnace,  and  also,  very  often,  water  is  noticed  dripping  down 
in  front  of  the  tuyeres.  The  tapping  hole  is  then  opened  and  the  furnace 
drained,  after  which  the  blast  is  taken  off,  the  main  bell  lowered,  explosion 
doors  opened,  blowpipes  dropped,  the  water  turned  fully  on  at  the  top;  also 
water  is  introduced  through  four  or  five  tuyeres  by  means  of  hose  and  |-lnch 
pipe,  wliich  is  pushed  into  the  hearth  of  the  furnace.  Water  is  then  allowed  to 
flow  until  the  furnace  is  cooled  down  sufficiently  to  scrape  the  material  out 

OTHBB  HETHOBS  OP  BLOWING  OXTT. 

Two  methods  of  blowing  out  not  brought  out  in  the  foregoing  are : 

1.  The  furnace  is  charged  with  20,000  to  30,000  pounds  of  lime* 
stone  before  blowing  down  is  started,  or  limestone  is  charged  in  300 
to  5,000  pound  lots  at  intervals  during  the  blowing  down,  as  the  top 
temperature  becomes  high.  Not  only  does  this  keep  the  temperature 
at  the  top  considerably  lower,  but  the  calcining  of  the  limestone  fur- 
nishes a  certain  amount  of  carbon  dioxide,  thus  diluting  the  gases 
and  making  them  less  explosive.  This  is  an  old  method  infrequently 
used  at  present. 

2.  The  furnace  is  not  blown  down  at  all,  but  when  the  furnace  is 
to  be  blown  out  the  furnace  is  cast  as  usual,  the  blowpipes  dropped, 
and  the  gas  mains  drafted  out.  Then  by  means  of  a  number  of  spray 
pipes  or  hoee  water  is  introduced  at  the  top  and  the  furnace  is 
drowned.  The  contents  of  the  furnace  are  then  raked  out  through 
the  tuyere  arches,  thrown  into  cars,  and  dumped  in  the  stockyard,  to 
be  recharged  in  small  amounts  when  the  furnace  is  again  in  blast. 
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The  method  is  of  course  safe,  and  is  daimed  to  be  not  unduly  ex- 
pensive. It  is  laborious,  however,  and  finds  a  negligible  following 
at  present,  only  two  establishments  following  this  method  as  far  as 
is  known. 

PBEGAUnONS  IK  BLOWINa  ODTT. 

The  essential  features  of  the  foregoing  descriptions,  showing  the 
steps  taken  and  the  reasons  therefor,  are  summarized  below.  No 
attempt  is  made  to  jspecify  procedure  or  rules,  as  innumerable  points 
must  of  necessity  be  taken  care  of  as  they  arise  and  according  to  the 
plant  layout  and  furnace  design. 

1.  Before  starting  to  blow  down  put  a  water  spray  on  the  large 
bell  and  three  spray  pipes  through  the  try  holes.  The  holes  in  these 
pipes  should  be  below  the  lip  of  the  large  bell,  and  be  so  drilled  that 
the  water  is  sprayed  toward  the  center  of  the  furnace.  The  spray 
cools  the  gas  and  prevents  it  from  heating  the  top  excessively,  warp- 
ing the  bells  and  hopper,  or  damaging  the  offtakes  and  downcomers; 
the  steam  generated  also  tends  to  prevent  gas  explosions. 

2.  Examine  the  receiving  hopper  and  the  large  bell  hopper  to  make 
sure  that  not  enough  material  has  colled;ed  to  wash  down  smd  seal 
the  oi)ening  between  the  large  bell  and  its  hopper.  It  is  inadvisable 
to  seal  the  bell  and  hopper  with  flue  dust,  ore,  or  sand  when  water  is 
used  on  the  bell,  as  the  water  may  accumulate  in  quantity  on  the  bell 
and  be  dropped  into  the  furnace.  It  is  better  to  provide  an  op^ung 
between. the  bell  and  hopper  by  hanging  rods,  cables,  or  chains  from 
the  gas-seal  doors  between  the  large  bell  and  hopper  extension,  and 
then  to  close  the  bell  against  them.  This  prevents  the  accumulation 
of  water,  provided  the  bells  and  hoppers  are  cleaned  before  starting 
to  blow  down. 

8.  The  bell  should  be  locked,  blocked,  or  damped  in  position  after 
these  distance  pieces  are  placed,  in  order  to  prevent  its  being  opened 
by  mistake.  Also  block  or  fasten  shut  the  dust-catcher  bells,  bleeders, 
etc.,  to  prevent  any  possibility  of  gas  drafting  up  through  the  down* 
comer  in  case  the  blast  is  taken  off  unexpectedly. 

4.  Provide  a  water-pressure  gage  on  the  supply  line  to  the  top 
sprays,  at  the  cast-house  floor  level,  so  that  an  idea  may  be  had  of 
the  adequacy  of  the  pressure  and  supply  of  water.  It  is  also  a  good 
idea  to  provide  a  water-escape  valve  on  a  tee  at  the  same  place,  so 
that  the  line  may  be  drained  at  casting,  or  when  it  is  essential  to  stop 
the  water  going  into  the  furnace.  Such  a  valve  removes  any  un« 
certainty  as  to  the  positive  cut-off  of  the  valve  controlling  the  water 
^PPly-  A  water  meter  is  used  on  the  spray-supply  line  at  a  few 
plants,  and  is  an  excellent  idea. 

5.  Keep  the  top  temperature  at  about  800^  F.  This  temperature 
has  been  shown  to  require  approximately  the  correct  amount  of 
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water  to  prerent  the  gas  from  becoming  wild,  provided  the  blast  is 
reduced  rationally,  and  at  the  same  time  prevents  water  accumulating 
on  top  of  the  stock  where  it  may  cause  an  explosion  in  case  of  a 
heavy  sUp  or  fall. 

6.  When  the  blast  is  taken  off  for  any  purpose,  or  when  it  is  nec- 
essary to  check  the  furnace,  the  water  should  be  shut  off  5  to  15  min- 
utes before  this  is  done,  and  the  relief  valve  at  the  bottom  of  the 
waterHSupply  line  opened  to  insure  that  no  water  is  going  in. 

7.  It  is  safest  to  keep  bodi  engines  on  the  furnace  in  reducing  the 
blast  as  long  as  they  can  be  kept  on  without  danger  of  stalling. 
When  it  becomes  impossible  to  run  two  engines  slowly  enough  and 
one  engine  alone  can  be  kept  on  the  furnace,  it  is  advisable  to  keep 
the  idle  ^igine  in  readiness  in  case  of  any  accident  to  the  one  in 
operation. 

8.  When  the  gas  becomes  too  poor  or  too  wet  to  bum,  or  the  gas 
engines  start  to  backfire,  close  the  valves  between  the  dust-catcher 
system  and  the  gas  mains.  If  sand  or  mechanical  valves  are  used, 
it  may  be  advisable  to  take  the  blast  off  at  the  next  to  the  last  cast 
and  close  them  at  this  time  rather  than  wait  until  the  last  moment, 
inasmuch  as  many  types  of  these  valves  require  considerable  work, 
which  must  be  done  in  proximity  to  gas,  to  get  them  closed.  If  no 
valves  are  provided,  close  the  stove  and  boiler  burners,  unless  the 
bleeder  capacity  is  inadequate.  Many  furnace  men  make  a  practice 
of  using  the  gas  through  the  stoves  until  the  furnace  is  down,  but 
there  seems  to  be  no  especial  advantage  in  this.  There  is  little  heat 
value  in  the  gas  and  the  time  of  closing  the  valves  is  postponed  until 
the  last  moment,  when  as  a  rule  there  are  many  other  important 
details  to  be  attended  ta 

9.  See  that  all  water  connections  at  sprays,  valves,  and  other  equip- 
ment are  in  working  condition,  not  plugged  with  dust,  and  that  all 
dust  bells,  bleeders,  and  doors  are  secured  in  position  before  starting 
to  blow  down.  About  half  an  hour  before  the  gas  is  shut  off,  the  dust 
catcher  should  be  emptied,  as  red-hot  material  may  have  blown  or 
been  thrown  over  into  it  from  the  furnace  slipping,  and  if  permitted 
to  remain  there  may  cause  an  explosion. 

10.  The  furnace  should  be  rodded  every  half  hour  by  a  trust- 
worthy and  experienced  man  and  should  not  be  allowed  to  hang 
longer  than  half  an  hour,  and  an  excessive  amount  of  water  should 
not  be  put  in  the  top  while  the  furnace  is  hanging.  If  the  furnace 
has  shown  evidences  of  being  scaffolded,  it  is  a  good  plan  to  insert 
shorter  tuyferes  a  few  hours  before  blowing  down,  or  to  lighten  the 
burden,  reduce  the  proportion  of  limestone,  or  charge  a  coke  blank. 
Little  is  gained  by  rapid  blowing  out.  The  stock  descends  more 
regularly  and  less  difficulty  is  encountered  with  wild  and  excessively 
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hot  gas  if  the  engine  speed  is  slackened  20  per  cent  at  the  start  and 
the  number  of  revolutions  lowered  progressively  while  blowing  down. 

11.  Charging  a  carload  of  coarse  coke  dust  on  top  of  the  burden 
aids  in  keeping  the  temperature  of  the  gas  down,  as  this  interposes  a 
blanket  of  permeable  material  which  becomes  thorou^ily  saturated 
with  water  from  the  top  spraya 

12.  Blowing  out  should  be  started  so  as  to  bring  the  last  cast  in  on 
the  morning  of  the  day  following. 

13.  When  the  stock  line  is  at  the  top  of  the  mantle  or  about  2  feet 
below  it  the  furnace  should  be  cast.  Blowing  down  to  the  tuyeres 
is  hazardous,  because  unbumed  air  may  be  blown  into  the  sfpaoe 
above  the  stock  and  form  an  explosive  mixture,  and  is  unwarranted 
because  the  hearth  will  not,  as  a  rule,  drain  well,  and  the  top  of  the 
salamander  will  be  higher  when  there  is  little  pressure  in  the  furnace 
on  account  of  there  being  no  stock  above  the  tuyeres. 

14.  Be  sure  that  no  water  is  going  into  the  top  sprays  at  the  last 
cast;  that  no  bells,  bleeders,  burners,  explosion  doors,  or  manhole 
doors  are  open  on  the  gas-main  system  below  the  furnace  top  when 
the  last  cast  is  made.  Examine  the  bell  to  insure  that  there  is  no 
water  on  the  big  bell  to  be  thrown  into  the  furnace  when  the  bell  is 
lowered. 

15.  After  the  last  cast  is  made  open  the  snort  valve,  close  the  cold- 
blast  and  hot-blast  valves  and  open  the  chimney  valve.  The  mixer 
valve  should  have  been  shut  at  the  beginning  of  the  cast.  Fasten  the 
mixer  valve  shut  and  the  snort  valve  open.  One  man,  under  the 
direction  of  the  foreman,  should  then  knock  the  caps  off  the  tuy^ 
stocks.  When  this  is  done  and  the  men  are  out  of  the  cast  house  turn 
the  sprays  on  full  to  drown  the  furnace,  and  open  the  large  and  small 
bells. 

16.  If  the  furnace  is  blown  out  for  reasons  other  than  relining,  and 
preservation  of  the  lining  is  essential,  it  is  sometimes  advisable  to 
keep  the  caps  on,  thus  eliminating  any  chance  of  a  draft  up  through 
the  furnace,  causing  a  hot  gas  flame  and  heating  of  the  lining. 

17.  The  blowing  engines  should  be  kept  turning  over  until  the 
blowpipes  are  dropped.  These  should  not  be  dropped  until  18  to  24 
hours  after  the  furnace  has  been  taken  off,  and  every  one  dhould  be 
kept  out  of  the  cast  house  during  this  period,  as  a  scab  may  fall  and 
break  Ihe  bosh  or  throw  hot  material  or  flame  through  the  tuyeres. 
The  gas  ^ould  be  drafted  out  of  the  dust  catcher  before  work  is 
imdertaken  about  the  bosh  openings  or  on  top. 

18.  Do  not  attempt  to  draft  out  the  dust  catcher  and  downcomer 
imtil  the  furnace  top  is  cooled  off.  This  may  be  four  to  six  hours 
after  casting,  provided  that  the  sprays  have  been  turned  on  at  the 
top  in  the  meantime  to  drown  the  burning  coke  and  cool  the  furnace 
walls.     Sometimes  in  blowing  out  the  pyrometer  may  indicate /a 
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temperatore  of  600^  or  700^  F.  in  the  downoomer  or  dust  catcher; 
when  the  offtakes  and  interior  of  the  furnace  may  be  red  hot  and  time 
must  be  allowed  for  the  furnace  to  cool  before  the  gas  is  drafted  up 
through. 

19.  In  drafting  out,  open  only  the  door  or  bell  f artiiest  from  the 
foniaoe  top  in  the  usual  line  of  travel  of  the  gas.  Sprays  should  be 
kept  on  full  at  the  tc^  while  this  is  being  done. 

20.  If  the  gas-mam  Gfystem  is  equipped  with  a  steam  connection, 
steam  should  be  turned  mto  the  system  from  the  moment  one  stops 
using  the  gas  until  the  gas-main  system  is  full  of  air  after  the  blow- 
ing out  is  complete. 

EZFLOSIOHS  Hr  COID-BLAST  KAIHS. 

There  have  been  few  blast-main  explosions  during  the  past  few 
years.  Such  explosions  are  very  rare,  but,  as  the  possibility  of  their 
happening  is  always  present,  mention  is  given  them.  When  these 
explosions  do  occur  they  are  of  a  most  violent  character,  usually  ex- 
tending back  into  the  manifolds  and  blowing  tubs  at  the  engines.  As 
descriptive  of  what  may  occur  the  following  incidents  may  be  taken 
as  typical : 

TYPICAL 


At  one  plant  the  practice  was  followed  of  taking  the  blast  off  the 
furnace  entirely  at  casting  time,  when  the  tapping  hole  was  closed, 
the  hot-blast  valve  also  being  closed  to  prevent  gas  from  working 
back  into  the  stove  from  the  furnace.  The  furnace  cast  at  the  regu- 
lar time,  and  as  the  tapping  hole  was  closed,  the  blower  signaled  the 
engine  room  to  start,  and  the  stove  tender  opened  the  hot-blast  valve. 
Xo  air  was  turned  into  the  furnace,  however,  and  the  blower  ran  to 
the  blowing  room,  which  was  close  to  the  furnace,  to  see  what  was  the 
trouble.  Before  arriving  he  found  that  the  work  of  adjusting  a  part 
on  the  blowing  tub  was  unexpectedly  prolonged,  and  he  at  once 
ordered  the  hot-blast  valve  shut.  Upon  entering  the  blowing  room 
he  smelled  gas  and  as  soon  as  possible  gave  orders  to  the  stove  tender 
to  open  the  chimney  valve  on  the  stove  to  draw  the  gas  undoubtedly 
present  in  the  cold-blast  main  out  into  the  stove  chimney.  He  then 
returned  to  the  blowing  room,  but  had  hardly  entered  it  when  an 
explosion  occurred.  The  windows  were  shattered  and  doors  blown 
off  their  hinges.  The  three-eighths  inch  steel  plate  of  the  cold-blast 
main  was  split  and  the  air  valves  and  top  of  the  blowing  engine  blown 
off.  Three  men  were  killed.  This  explosion  was  caused  by  opening 
the  hot-blast  valves  before  the  engine  started,  thus  making  it  possible 
for  gas  to  draft  back  from  the  tuyere  through  the  stove  and  into  the 
cold-blast  main  to  the  air  tub.  The  gaseous  mixture  probably  ignited 
in  the  hot  stove  and  burned  back  through  the  main  to  the  engine 
room  where  it  exploded. 
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A  similar  explosion  occurred  at  a  plant  still  using  pipe  stores.  At 
a  furnace  stop  to  change  tuyeres  the  usual  practice  was  to  stop  the 
engine  and  open  a  relief  valve  on  the  hot-blast  main.  For  some  cause 
the  relief  valve  did  not  open,  nor  was  the  hot-blast  valve  closed  at 
the  stove.  Gas  worked  back  into  the  cold-blast  main,  and  after  the 
tuyere  was  replaced  and  at  the  instant  the  engine  was  started  there 
was  an  explosion  in  the  cold-blast  main,  which  split  or  bulged  it  at 
several  places  and  blew  the  manifold  off  the  air  tub. 

Two  other  explosions  have  been  noted  at  plants  having  modem 
equipment.  In  each  case  there  was  lack  of  definite  knowledge  as  to 
the  circumstances  surrounding  the  explosion.  In  one  of  tiiese  the 
men  in  the  blowing  room  were  killed.  It  is  thought  that  a  heavy 
slip  may  have  stalled  the  blowing  engines  through  gas  surging  back 
in  the  hot-blast  main  and  stoves  or  may  have  even  started  ihem 
turning  backward,  as  the  pressure  chart  ^owed  that  the  pressure 
suddenly  increased  and  then  fell  rapidly. 

In  the  second  case  it  is  stated  that  the  blowing  engines  were  run- 
ning slowly — at  about  15  revolutions  per  minute — ^when  the  explo- 
sion occurred.  On  account  of  the  apparent  impossibility  of  gas 
working  back  in  the  main  with  a  somewhat  vigorous  volume  of 
air  going  countercurrent  to  it,  this  statement  of  the  condition  of 
affairs  has  often  been  viewed  with  incredulity.  It  is  useless  to  specu- 
late  about  it,  but  an  incident  which  occurred  at  another  plant  may 
throw  some  light  on  it. 

The  blast  was  on  full  and  the  furnace  had  been  running  regularly 
for  two  hours  after  casting.  The  stoves  were  of  small  capacity,  were 
being  forced  very  hard,  and  the  temperatures  at  the  chimney  stack 
were  excessively  high.  The  cold  blast  entered  the  stove  at  the  chim- 
ney stack.  Soon  after  a  fresh  stove  had  been  taken  off  gas  and  put 
on  blast  the  cold-blast  main  was  discovered  to  be  red-hot.  The  night 
foreman  shut  the  blast  off,  slowed  the  engines  down  till  they  were 
only  turning  over  with  the  snort  valve  open,  and  ran  to  the  oiSce 
and  called  up  the  superintendent,  who  ordered  him  to  put  tiie  en- 
gines up  to  full  speed  immediately.  By  tiie  time  this  was  dooe  the 
cold-blast  main  was  at  a  bright  red  heat  nearly  to  the  engine  room. 
By  running  the  engines  at  full  speed  the  danger  of  an  explosion  was 
averted.  There  was  no  oil  drain  on  the  cold-blast  line,  and  it  was 
found  that  oil  had  been  blown  over  into  the  base  of  the  stoves^  where 
the  mixture  evidently  had  ignited  and  the  flame  had  traveled  back  in 
the  cold-blast  main.  With  a  current  of  air,  after  the  blast  was  taken 
off,  the  oil  lying  in  the  main  naturally  burned  vigorously,  and  it  was 
possible  that  an  explosion  in  the  oil  separator  near  the  engines  might 
have  resulted.  The  high  velocity  of  the  air  current,  when  the  en- 
gines were  run  at  full  speed,  blew  the  fire  out 
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Fires  in  the  cold-blast  main  caused  by  the  furnace  slipping  and  gas 
surging  back  through  the  mijung  valve  are  not  uncommon,  but  the 
writer  does  not  know  of  any  having  resulted  in  an  explosi<m. 

Another  explosion  occurred  at  a  plant  where  the  by-paas  led  from 
the  end  of  the  cold-blast  main  at  the  back  of  the  stoves  to  the  hot- 
blast  main  between  the  furnace  and  adjacent  stove.  The  stove 
tender  forgot  to  close  the  by-paas  mixer  valve  at  casting  time,  and 
as  the  butterfly  valve  in  the  cold-blast  main  closed  tightly  gas  from 
the  furnace  evidently  drifted  back  into  the  cold-blast  main,  where 
it  exploded  with  a  sharp  detonation,  not  doing  much  damage, 
however. 


To  prevent  explosions  or  fires  in  the  cold-blast  main  there  are 
three  elementary  precautions: 

(1)  Always  close  the  mixer  valve  at  the  first  check  on  the  fur- 
nace ;  (2)  provide  oil  drains  at  the  blowing  rooms,  and  in  close  prox- 
imity to  the  stove,  on  the  cold-blast  line,  and  then  (3)  at  a  stop  of  any 
description  always  keep  the  engine  turning  over  with  the  snort  valve 
open  until  the  blowpipes  are  dropped. 

Other  precautions  that  may  be  taken,  in  addition  to  those  given 
above,  are  as  follows: 

Provide  a  steam  ccMmection  with  the  cold-blast  line  near  the  en- 
gine manifold,  which  may  be  turned  on  from  the  floor  in  case  a  fire 
develops  in  the  cold-blast  main,  and  if  the  engines  are  accidentally 
suddenly  stopped  close  the  air  valves  at  the  engine  at  once. 

In  case  of  accidentally  ^^  loosing  the  blast ''  on  the  furnace  close 
the  hot-blast  valve  and  immediately  open  the  chimney  valve  of  the 
stove  on  the  furnace.  Drop  the  blowpipes,  drafting  back  through 
another  stove. 

Install  an  automatic  check  valve  in  the  mixer  or  by-pass  line  be- 
tween the  hot  and  cold  blast  mains. 

Provide  a  check  valve  at  the  jtmction  of  the  cold-blast  main  with 
the  air-tub  manifold,  or,  if  the  blowing  engine  is  of  the  type  which 
will  turn  over  backwards  from  excess  blast  pressure,  install  an  auto- 
matic stop  or  check  device  to  prevent  this. 

CHBCK  VALVES. 

Check  valves  should  be  of  the  type  that  gives  external  indications 
as  to  whether  it  is  working  properly  or  sticking.  All  check  valves, 
with  two  exceptions,  in  which  the  valve  is  operated  by  an  actuating 
piston  and  cylinder,  are  capable  of  being  freely  opened  by  the  pres- 
sure of  the  entering  blast,  so  that  when  the  cold  blast  is  by-passed 
to  the  hot-blast  main  by  opening  the  mixer  value  the  check  valve 
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remains  open.  When  the  blast  is  cut  off  from  the  by-pass  line  the 
valve  automatically  doses  of  its  own  weight  In  addition,  if  air 
and  gas  surge  back  in  the  by-pass  or  mixer  pipe,  the  valve  is  thrown 
against  its  seat. 

Check  valves  are  of  two  general  types,  a  completely  inclosed 
swivel  clack  valve  with  a  horizontal  turning  joint  and  a  valve  which 
with  the  blast  on,  closes  a  vent  to  the  atmosphere,  but  with  the  blast 
off  or  at  any  predetermined  pressure,  such  as  4  pounds,  closes  against 
back  travel  of  gas  and  opens  the  by-pass  main  to  the  atmosphere. 
The  difficulty  with  some  valves  of  this  latter  type  is  that  they  may 
not  close  automatically  against  a  back  surge  of  gas  when  a  heavy 
slip  occurs  at  10  to  12  pounds  blast  pressure;  that  is,  when  the  fur- 
nace is  being  checked. 

OTHER  AirrOMATIO  VALVES. 

There  are  a  few  additional  appliances  in  use  for  preventing  a  back 
surge  of  gas  reaching  the  cold-blast  main ;  chief  among  them  are  the 
Schutte-McHugh  valve  for  the  hot-blast  main  and  the  Dyblie- 
Larimer  appliance  for  hot-blast  valves. 

The  Schutte-McHugh  valve  is  used  to  prevent  back-flow  of  gases 
from  the  furnace  to  the  hot-blast  stoves  and  cold-blast  mains.  It 
consists  of  a  valve  casing,  located  in  the  hot-blast  main,  with  a 
water-cooled  valve  seat  placed  at  an  oblique  angle  from  the  vertical, 
in  the  direction  from  which  the  blast  travels.  The  valve  is  also 
water  cooled,  the  pipe  extending  out  through  the  valve  stem.  One 
end  of  the  stem  is  provided  with  a  counterweight  lever;  on  the 
other  end  is  a  lever  connected  to  a  piston,  the  piston-cylinder  being 
fastened  to  the  valve  casing.  This  cylinder  is  connected  by  ^  pipe 
to  the  cold-blast  main  on  the  engine  side  of  the  snort  valve.  With  the 
blast  on  the  furnace,  the  pressure  transmitted  to  the  cylinder  keeps 
the  valve  from  being  actuated  by  fluctuations  in  the  pressure  of  the 
blast.  When  for  any  reason  the  blast  is  reduced  as  at  checking  or 
casting,  the  valve  will  gradually  approach  the  seat,  and  when  the 
blast  is  entirely  off  the  furnace,  the  valve  will  rest  on  the  seat ;  when 
it  is  in  this  position  a  back  flow  of  gas  from  the  furnace  through  the 
hot-blast  main  can  not  pass  it  and-  enter  the  stoves  and  cold-blast 
main. 

When  the  gas  must  be  drawn  back  into  the  stoves  for  repairs  to 
the  furnace,  the  valve  may  be  held  open  by  a  cable  attached  to  the 
counterweight  arm.  If  when  the  furnace  is  being  checked  it  is 
desired  to  have  the  valve  free  to  act  independent  of  the  actuating 
cylinder  and  close  instantly,  a  two-way  valve  may  be  used  which 
cuts  off  the  cylinder  from  the  cold-blast  connection  and  opens  it  to 
the  air. 
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This  Tslve  has  areoeived  some  adverse  criticism  by  furnace  men,  but 
it  is  working  satisfactorily  at  some  furnaces. 

The  Dyblie-Larimer  Tidve  automatically  opens  and  doses  the  hot- 
blast  Talve  as  the  blast  is  shut  off  or  turned  on,  thus  preventing  gas 
from  passing  from  the  furnace  through  the  stove  to  the  cold-blast 
pipe  at  casting  time  or  checking.  This  valve  consists  of  a  cylinder 
and  piston,  with  a  cable  from  the  piston  rod  to  the  hot-blast  valve 
stem,  and  a  special  piston  valve  connecting  the  cold-blast  pipe  on 
the  stove  side  of  the  cold-blast  valve  to  the  top  of  this  cylinder. 
When  air  is  admitted  to  the  stove  it  raises  the  valve;  then  the  air 
pressure  on  top  of  the  piston  lifts  the  hot-blast  valve.  The  hot- 
blast  valve  is  heavier  than  its  counterweight,  so  that  when  the  blast 
is  taken  off  it  closes,  the  pressure  in  the  actuating  cylinder  being 
automatically  released  by  the  special  valve.  When  the  stove  is  taken 
off  the  furnace  a  pull  on  the  release  trigger  of  the  special  valve  allows 
the  air  in  the  cylinder  to  escape,  causing  the  hot^blast  valve  to 
descend  to  dosed  position,  where  it  can  not  be  raised  until  the  blast 
is  on  again.  One  merit  of  this  safety  device  is  that  it  should  keep 
in  working  order  because  of  its  being  used  on  routine  operations 
at  least  twice  every  four  hours. 

VALVES  IN  TUYERE  STOCKS. 

Another  provision,  sometimes  found  at  old  plants,  is  the  placing 
of  valves  in  each  tuyfere  stock  or  gooseneck. 

As  mixer  valves  are  sometimes  neglected  and  not  closed,  and 
because  a  shutdown  may  be  a  matter  of  seconds,  a  check  valve  in  the 
mixer  pipe  is  necessary.  The  utilization  of  other  automatic  valves 
must  be  at  the  discretion  of  the  furnace  superintendent.  When  any 
automatic  or  semiautomatic  valves  are  used,  it  is  necessary  to  see 
that  they  are  always  in  working  condition,  and  also  that  workmen 
do  not  fasten  such  valves  open  or  make  them  inoperative.  Unless 
this  is  done  confidence  in  them  may  prove  misplaced. 

EZPLOSIOHS  OF  AIB  COHFSESSOBS  AT  BLAST-FUBNACE  FLAHTS. 

Air  compressor  or  receiver  explosions  occur  occasionally  at  blast- 
furnace plants  and  sometimes  cause  considerable  damage.  As  they 
are  somewhat  analogous  to  blast-main  explosions  they  are  briefly 
discussed  here,  although  such  accidents  are  not,  strictly  speaking, 
metallurgical  hazards. 

Fires  in  the  receiver  tanks  of  air  compressors  are  not  uncommon, 
and  point  to  the  cause  of  the  explosions,  as  the  fire  is  started  by  the 
temperature  of  the  compressed  air  becoming  higher  than  the  flash 
point  of  the  oil  used  to  lubricate  the  air  cylinder.  Although  the 
formula  for  the  generation  of  heat  by  adiabatic  compression  of  dry 
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air  to  a  pressure  of  100  pounds  does  not  acoonnt  for  sufficient 
increase  in  temperature  to  flash  ordinary  lubricating  oil,  it  may  be 
that  oil  oxidizes  more  readily  under  pressure  than  under  ordinary 
atmospheric  conditions.  This  may  account  for  a  lower  flash  point 
and  more  vigorous  combustion  than  is  anticipated  from  the  grade 
of  oil  used.  Other  factors  introducing  the  danger  of  explosion  are 
defective  discharge  valves  or  piston  packing  rings.  A  leaky  dis^ 
charge  valve  or  badly  fitting  piston  rings  may  let  the  heated  air  in 
the  compression  end  of  the  cylinder  leak  past  the  pist<m  to  the 
suction  or  admission  side  of  the  cylinder  to  such  an  extent  that  the 
initial  temperature  of  the  air  to  be  compressed  is  so  high  that  the 
temperature  on  compression  reaches  the  flash  point  of  the  oil. 

The  precautions  are  proper  upkeep  of  the  valves  and  rings  and 
the  use  of  a  noncoking  oil  of  high  flash  point  Too  much  oil  should 
not  be  used,  and  an  oil  drain  should  be  led  from  the  air  receiver  to 
remove  deposits  or  accumulation  of  surplus  oil  carried  over.  In 
some  cases  a  steam  line  is  led  into  the  receiver,  this  being  available 
for  extinguishing  a  fire,  should  one  start,  before  it  develops  into  an 
explosion.  On  no  account  should  kerosene  be  thrown  into  the  air 
inlets  to  clean  the  walls  of  the  compressor  cylinder.  The  intake 
should  always  be  from  outside  the  engine  room,  as  the  lower  the 
initial  temperature  of  the  air  the  lower  is  the  temperature  reached 
during  compres^on.  The  most  recently  installed  air  compressors 
are,  as  a  rule,  of  the  two-stage  type,  and  this  is  in  itself  a  safety 
provision,  as  compression  in  two  stages  results  in  a  lower  tempera- 
ture than  one-stage  compression  for  a  given  pressure.   ■ 

EXPLOSIONS  OF  MOLTEN  IBON. 

Explosions  of  molten  iron  are  due  to  the  sudden  and  confined  gen- 
eration of  steam  when  the  molten  iron  comes  in  contact  with  moisture. 
A  secondary  cause  may  be  the  formation  of  hydrogen  by  the  action 
of  incandescent  iron  upon  water,  the  hydrogen  in  turn  exploding  in 
contact  with  air.  There  are  some  peculiar  features  about  the  action 
of  water  on  molten  metal.  For  instance,  molten  iron  may  be  run  into 
water  and  be  granulated  or  made  into  shot  without  any  explosion, 
provided  the  water  is  deep  and  in  laige  quantity.  However,  a  blue 
hydrogen  flame  always  appears  upon  the  surface  of  the  water.  If 
iron  in  great  excess  enters  water,  however,  a  violent  explosion  takes 
place.  This  sometimes  occurs  in  dumping  ladle  cleanings  into  quraidi- 
ing  pits  or  in  dumping  cinder  ladles  into  water  at  the  bank  of  a  river, 
if  there  is  a  pocket  of  molten  iron  in  the  bottom  of  the  ladle.  Oth^ 
illustrations  are  the  overturning  of  a  ladle*  of  iron  into  a  pig-machine 
cooling  trough,  ladles  filled  with  iron  breaking  away  from  an  engine 
and  overturning  at  the  dead  end  of  a  hot-UKetal  spur  track  into  an 
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accumulation  of  water,  ladles  being  derailed  into  a  river,  or  the  col- 
lapse of  a  bridge  and  plunging  of  ladles  filled  with  hot  metal  into  a 
stream.    The  resulting  explosions  are  terrific  and  destructive. 

If  molten  iron  runs  over  a  damp  spot  in  an  iron  runner,  frequently 
great  quantities  of  hot  metal  are  blown  out,  the  amount  being  entirely 
disproportional  to  the  amount  of  water  present.  On  the  other  hand, 
provided  sand  runners  or  beds  are  evenly  tamped,  hot  metal  may  be 
ran  in  them  with  impunity,  even  though  they  are  much  damper  than 
can  be  permitted  in  a  clayed,  loamed,  or  sanded  iron  runner.  A  wet. 
or  even  a  cold  bar  touched  to  the  surface  or  plunged  beneath  hot 
metal  causes  a  snappy  explosion ;  often  dangerously  large  amounts  of 
metal  are  thrown  out.  If  a  freshly  loamed  hand  ladle  is  plunged  into 
or  filled  with  hot  metal,  the  entire  ccmtents  may  be  explosively  ejected. 
Hot  metal  spilled  on  a  damp  or  wet  floor^  whether  of  iron,  brick,  or 
packed  soil,  will  explode  very  violently.  The  turning  of  water  into 
the  skimmer  trough  onto  the  skull  of  iron  and  pockets  of  molten  iron 
left  after  casting  in  the  bottom  depressions  rarely  causes  an  explo- 
sion. Occasionally,  however,  if  a  fragment  of  solid  cinder  is  lying  on 
top  of  a  small  pool  of  hot  metal,  the  force  of  the  stream  of  water 
may  carry  the  wet  piece  of  cinder  down  into  the  molten  iron.  The 
inevitable  result  is  a  violent  detonation,  and  serious  injury  may  fol- 
low. In  one  instance  a  man  lost  both  eyes  from  flying  iron  from  such 
an  explosion.  Usually  water  can  be  sprayed  on  the  surface  of  hot 
metal  without  an  explosion,  although  such  procedure  is,  of  course, 
hazardous,  as  is  illustrated  by  accidents  resulting  from  attempting  to 
chill  iron  leaking  from  ladle  cars,  the  water  penetrating  beneath  the 
surface  and  causing  an  explosion.  Other  causes  of  explosions  are 
when  hot  metal  is  poured  into  a  ladle  with  a  wet  bottom,  or  into 
one  containing  large  lumps  of  cold  wet  scrap,  or  when  cold  or  wet 
heavy  scrap  is  placed  in  the  runners  to  be  melted  at  cast,  or  when  at 
a  hearth  breakout  hot  metal  comes  out  in  contact  with  water,  or  when 
at  the  end  of  the  cast  a  large  amount  of  iron  escapes  from  the  skimmer 
and  plunges  into  the  cinder  granulating  pit,  or  when  water-cooled 
plates  at  the  tapping  hole  are  cut  by  iron  at  casting  time. 

The  cause  of  these  explosions  is  the  sudden  generation  of  steam 
under  confinement.  When  the  steam  is  free  to  escape,  as  downward  in 
sand  beds  or  upward  from  the  surface  of  the  hot  metal,  there  is  no  ex- 
plosion. If  the  steam  is  generated  within  the  hot  metal,  then  it  breaks 
through  the  overlying  iron,  as  it  does  through  any  insufficiently  strong 
barrier,  and  throws  the  hot  metal  with  great  force  and  with  a  loud  de- 
tonation. A  similar  action  results  when  a  quantity  of  molten  iron  is 
plunged  into  water,  the  water  preventing  the  escape  of  steam.  Analo- 
gous to  hot-metal  explosions  are  explosions  of  the  fluid  contents  of 
cinder-ladle  cars  when  the  cinder  is  run  in  on  top  of  wet  rubbish,  par- 
ticularly if  iron  is  carried  over  with  the  cinder  and  has  accumulated 
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on  the  bottom.  Infrequently,  as  at  a  breakout,  hydrogen  gas  is  gen- 
erated and  bursts  into  flames,  adding  to  the  danger  and  destmctive- 
ness  of  the  explosion. 

The  precautions  against  such  explosions  of  metal  and  dnder  are 
well  known  and  as  a  rule  are  carefully  followed.  The  furnace  crew 
occasionally  trangresses  the  rules  and  some  one  uses  a  cold  or  wet  bar 
or  hand  ladle,  puts  scrap  in  the  runners  or  iron  ladles,  throws  rub- 
bish into  dnder  ladles,  stands  too  close  to  the  skimmer  trough  in 
turning  the  hose  cm  at  ridup,  allows  too  many  ladle  cJeaningB  to  rush 
into  the  quenching  pit,  or  is  careless  in  skimming.  Where  plant  or 
equipment  design  can  provide  against  hoi-metal  explosions,  they  are 
adequately  guarded  against  as  a  rule  by  design  of  ladle  quenching 
pits,  skimmers,  catch  basins,  iron  and  cylinder  ladle  cars,  hearth  coa- 
struction,  etc.  These  safeguards  have  been  fully  described  under 
^'  Blast-furnace  breakouts "  on  pages  41-78. 

TTTrtatE  EZFLOSIOKS. 

Explosions  at  the  tuyeres  are  among  the  most  unpreventable  and 
unforeseen  accidents  encountered  at  blast  fumace&  The  cause  is 
obscure,  but  lies  essentially  in  the  sudden  generation  of  steam  from 
the  failure  of  a  tuyere  in  consequence  of  faulty  water  cooling.  The 
forming  of  a  crack  or  hole  in  a  tuy^e  does  not  necessarily  result  in 
an  explosion,  as  leaking  tuyeres  are  common.  Even  with  nearly  all 
the  tuyeres  leaking  there  is  usually  no  tuyere  explosion,  the  water 
leaking  into  the  furnace  being  entirely  harmless  as  far  as  explosion 
of  steam  is  concerned,  except  under  peculiar  circumstances.  Usually 
the  only  result  is  to  "  iron  up  "  the  tuyeres  with  low-carbon  iron  and 
slag,  as  the  formation  of  steam  and  hydrogen  merely  abstracts  heat 
and  chills  the  furnace,  the  gases  escaping  up  the  stack.  Evidently 
steam  must  form  suddenly  and  not  escape  immediately  in  order  to 
cause  a  tuyere  explosion.  This  may  occur  in  two  ways :  First,  if  the 
tuyere  fails  and  a  large  amount  of  water  impinges  upon  incandescent 
material  inside  the  furnace;  or  second,  if  molten  iron  penetrates  sud- 
denly into  the  tuyere.  The  first  may  take  place  if  the  tuyere  is  sud- 
denly broken  open,  but  even  then,  with  water  suddenly  discharged 
into  the  furnace,  explosions  do  not  always  take  place.  The  secimd 
cause  is  lack  of  water,  permitting  bubbles  of  steam  to  form  in  the 
tuyfere  nose,  allowing  the  walls  to  melt.  Other  factors  are  uneven 
expansion,  sudden  bosh  slips,  deposits  of  mud  or  lime,  and  slagging 
of  the  wall  about  the  tuyere. 

For  an  explosion  to  take  place  it  seems  to  be  requiate  that  molten 
metal  meet  the  water  when  the  nose  of  the  tuy&re  collapses,  or  rush 
back  into  the  tuyfere,  as  tuy&re  explosions  usually  develop  shortly 
before  casting  time,  or  when  iron  is  lying  in  front  of  or  ov^  the 
tuyfere. 
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The  yiolenoe  of  some  of  these  explosions  is  almost  incredible..  In- 
stances have  been  related  of  a  tuyere  being  blown  out  and  breaking 
a  cast-iron  water  main,  and  of  a  cinder  cooler  being  blown  a  distance 
of  300  yarda  Several  men  have  been  killed  from  tuyere  explosicHis, 
(Xfee  phmt  having  two  such  accidents  within  five  weeks  of  each  other, 
and  innmnerable  injuries,  such  as  bums,  ignited  clothing,  and  bruises, 
have  been  caused. 

The  best  and  virtually  the  only  safeguards  are  careful  supervision 
of  the  water  supply,  strict  watch  for  leaks,  and,  especially,  regular 
furnace  practice,  as  tuyere  explosions  are  especially  characteristic  of 
rough  and  irregular  furnace  work.  The  essential  precaution  lies  in 
not  standing  about  any  more  than  is  necessary  in  line  with  a  tuyere 
which  is  ^^  sloppy  "  or  leaking,  especially  at  casting  time. 

BLASHHG  OITT  HEABTH  BOTTOUS  AT  BELUnOra. 

HAZABBS  mOtf  THE  USE  OE  EXPLOSIVES. 

The  only  noteworthy  use  of  dynamite  about  blast  furnaces  is  in 
blasting  out  ^  salanutnders  "  in  the  furnace  hearth  bottom  at  relining. 
In  former  years  the  use  of  explosives  was  sometimes  resorted  to  in 
dislodging  scaffolds  in  blast  furnaces.  This  practice  is  discussed  in 
detail  in  Part  III  of  this  report  (see  pp.  249,  250).  Several  acci- 
dents have  occurred  in  blasting  salamanders  in  the  past  15  years, 
but  in  any  one  year  the  accidents  from  this  cause  are  almost  neg- 
ligible, particularly  in  recent  years.  This  is  because,  at  a  blast 
fumaoe,  the  opportunity  or  need  of  having  a  salamander  dug  out 
occurs  only  once  in  every  three  or  four  years  at  the  most,  and  it  may 
be  dug  out  only  at  alternate  relinings,  or  not  at  all.  Another  reason 
for  the  infrequency  of  such  explosions  lies  in  the  fact  that  expert 
contractors  are  increasingly  employed  to  remove  the  salamander. 

The  salamander,  as  previously  stated,  consists  of  a  solid  lump  of 
-pig  iron,  usually  from  16  to  18  feet  in  diameter  and  from  3  to  30 
feet  deep,  embedded  inlhe  foundation,  the  original  fire  brick  being 
gradually  replaced  with  iron  during  the  years  the  furnace  has  been 
in  blast.  Most  furnace  men  think  it  advisable  on  blowing  out  the 
furnace  to  remove  the  salamander,  as  a  large  salamander  in  the 
hearth  foundation  is  believed  to  give  rise  to  breakouts,  split  hearth 
jackets,  displaced  columns,  cracked  base  plates,  and  off -grade  iron  at 
blowing  in  and  especially  to  low  bottoms  in  operating. 

The  salamander  can  not  be  removed  until  the  brick  lining  is  com- 
pletely torn  out  of  the  stack  and  bosh,  and  the  relining  can  not  be 
started  until  the  salamander  has  been  removed,  as  every  day  the  fur- 
nace is  not  in  blast  means  a  loss  in  production  of  about  500  tons  of 
iron.    The  work  of  blasting  the  salamander  is  likely  to  be  hurried. 
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This,  adds  to  the  hazard  in  two  ways,  (1)  the  salamander  was  origi- 
nally at  red  or  white  heat  in  the  interior  and  cools  off  slowly,  and 
consequently  the  temperature  of  the  blast  h(des  may  be  as  much  as 
500°  F.  when  ready  to  charge,  and  (2)  under  the  drive  and  rush  of 
relining  work,  men  will  not  always  take  time  to  cool  an  originally  hot 
hole,  to  cool  a  hole  heated  in  ^^springing,"  or  wait  long  enough  or  take 
the  proper  precautions  in  event  of  a  misfire. 

The  work  of  removing  a  salamander  is  usually  tedious  and  slow. 
Not  only  is  the  fire  brick  surrounding  it  excessively  tough  and  hard 
in  consequence  of  being  exposed  to  high  temperatures  and  pressore, 
being  much  harder  than  when  laid,  but  the  salamander  itself  may 
contain  segregations  of  low-carbon  iron  which  the  drills  can  hardly 
penetrate  or  may  require  the  starting  of  a  new  hole,  so  that  by  the 
time  the  holes  are  ready  to  charge,  the  men  are  impatient  to  fini^ 
the  task.  Hasty  charging  and  blasting  is  not  only  dangerous  but  is 
foolish,  because  in  removing  a  salamander  drilling  the  hole  is  the 
time-consuming  and  expensive  factor.  Too  much  hurry  in  shooting 
may  destroy  the  hole,  which  is  relatively  of  much  greater  importance 
than  a  possible  24  hours  saved  in  shooting  and  breaking  up  the 
salamander.  The  hole  can  easily  be  destroyed  by  using  too  heavy  a 
charge  of  dynamite,  which  fills  the  hole  too  full,  or  by  insufficient 
tamping  on  top  of  the  charge.  Such  a  heavy  charge  may  widen  the 
hole  from  top  to  bottom  and  destroy  its  effectiveness  by  blasting  oat 
a  cone-shaped  opening  in  the  upper  part  of  the  hole.  Therefore  the 
importance  of  saving  the  holes,  as  well  as  safety  considerations, 
should  dictate  care  in  placing  and  firing  the  charges. 

CnSTOMA&Y  FBACTICE  IN  BLASTING  SALAMAKDEBS. 

PREPARATION  OF  HOUES. 

The  holes  are  drilled  either  by  air  or  steam  percussion  drills  or  by 
electric  twist  drills.  Electric  drills  are  faster,  make  a  truer  hok 
from  top  to  bottom,  and  the  drill  bit  freezes  and  sticks  less  than  a 
percussion  drill.  Burning  holes  with  an  oxygen  flame  has  been  tried, 
but  with  little  success.  The  size  of  the  drill  holes  ranges  from  1  to  2 
inches  in  diameter,  the  usual  size  with  twist  drills  being  1}  inches. 
The  depth  of  the  hole  varies.  For  a  salamander  of  moderate  size, 
resulting  from  one  or  two  blasts  with  the  furnace,  the  holes  are  IS 
inches  to  6  feet  deep,  the  aim  being  to  go  only  digfatly  over  half  the 
depth  so  as  to  avoid  blowing  the  bottom  of  the  hole  out  when  the 
charged  are  fired.  The  arrangement  of  holes  varies.  Sometimes  when 
only  the  edge  of  the  salamander  is  to  be  split  off,  a  concentric  cirde 
of  holes  is  drilled  about  the  periphery,  15  to  24  inches  from  the  edge. 
If  only  the  top  is  to  be  split  off,  horizontal  holes  are 
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drilled  into  the  face.  The  most  common  method  is  to  drill  a  row 
straight  across  the  top,  dividing  the  salamander  in  halvea  Occa- 
sionally sufficient  rows  are  put  in  to  quarter  the  mass.  These  holes 
are  drilled  15  to  86  inches  apart,  but  are  most  effective  at  dose  in- 
tervals. 

CHARGING   THE    HOLES. 

The  explosives  used  vary  from  ordinary  "40  per  cent"  to  "gelatin" 
dynamite;  a  few  plants  use  potassium-chlorate  explosive&  The 
amount  used  varies  from  1  to  10  or  more  sticks  (as  much  as  can  be 
put  in)  per  hole.  Exceedingly  heavy  charges  are  put  in  at  some 
plants,  sometimes  sufficient  to  shatter  windows  in  adjoining  stores 
and  residences.  The  explosive  is  charged  both  in  stick  form  or 
loose,  the  sticks  sometimes  being  wrapped  with  asbestos  paper. 
The  hole  is  tamped  with  sand  or  clay,  a  couple  of  plants  using 
plaster  of  Paris. 

FIRING    THE    CHARGES. 

The  charges  are  connected  in  series  and  fired  with  a  blasting  ma- 
chine at  practically  all  plants,  although  a  few  use  the  electric-light 
circuit.  It  is  important  in  order  to  get  the  Tnnxiwuim  breaking 
power  of  the  explosive  charged  that  ail  holes  be  fired  simultaneously, 
and  on  that  account  fuses  are  not  used. 

PSECAimOKS  TO  BE  TAKEN  IN  BLASTING  SALAliANDEBS. 

PREPARING   THE   HOLES. 

One  method,  which  is  typical,  consists  in  "chambering"  or 
"  springing  "  the  hole  and  is  believed  to  be  the  most  efficient  method 
of  shooting  blast-fumaoe  salamanders  available  for  furnace  men, 
who  encounter  the  necessity  only  infrequently.  Blasting  contractors, 
of  course,  have  tiieir  individual  methods  which  they  adapt  to  the 
needs  of  each  particular  task. 

Before  the  holes  are  drilled  the  salamander  should  be  undermined 
or  bared  along  the  face  as  much  as  possible,  or  at  least  to  the  bottom 
of  the  hearth  jacket,  in  order  to  determine  the  depth  of  drill  hole 
necessary.  In  case  only  the  sides  of  the  salamander  are  to  be 
removed  the  hearth  jacket,  if  left  in,  should  be  protected  by  heavy 
beams,  and  enough  of  the  sides  of  the  salamander  should  be  removed 
to  permit  building  a  brick  wall  as  thick  as  the  original  wall.  At 
every  opportunity  while  the  furnace  is  being  torn  out,  the  top  of 
the  salamander  should  be  flooded  with  water,  and  also  where  no  drill- 
ing is  being  done,  so  that  the  salamander  will  be  cooled,  and  there 
will  be  less  danger  of  premature  firing  of  shots. 
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QUARTER  DRILLINO. 

Small  holes,  not  over  1^  inches  in  diameter,  should  be  drilled  with 
electric  or  aix  drills.  These  are  preferable  to  the  larger  holes  made 
with  rock  drills,  because  there  is  less  flying  of  pieces  when  the  shot 
is  fired.  The  holes  should  be  drilled  at  intervals  of  12  to  15  inches, 
quartering  the  top  face  to  depths  not  more  than  three-fifths  of  the 
depth  of  salamander.  Six-foot  holes  should  be  sufficient  for  any 
salamander  formed  from  not  more  than  two  blasts  with  the  furnace. 

When  the  holes  are  drilled  and  ready  for  charging,  the  tempera- 
ture of  each  one  should  be  tested  with  a  thermometer.  For  safety,  the 
holes  should  not  be  more  than  100^  F.  at  the  hottest  part;  if  any 
hotter,  they  should  be  thoroughly  cooled  with  water  before  diooting 
is  begun.  The  holes  should  be  loaded  by  a  special  foreman  with 
two  special  helpers.  All  other  men  should  keep  away  and  only 
enough  dynamite  should  be  carried  to  the  furnace  to  charge  the 
holes. 

The  holes  along  one  axis  only  should  be  fired  at  one  time,  and 
should  be  fired  by  electric  detonators  connected  to  a  blasting  machine, 
or  to  an  electric-light  circuit.  Only  a  small  charge  should  be  em- 
ployed at  the  start,  one  stick  of  dynamite  in  each  hole.  With  this 
small  charge  and  good  tampingy  the  bottom  of  each  hole  is  expanded. 
Each  succeeding  charge  may  be  increased  as  the  hole  becomes  larger, 
and  after  six  to  eight  charges  have  been  fired,  cracks  or  fissures 
will  start  to  form  at  the  holes,  in  the  direction  of  the  line  of  holes. 
By  this  time  as  much  as  three  or  four  sticks  may  be  charged  per 
hole,  and  the  fissures  rapidly  develop  into  a  clean  split  of  the  sala- 
mander with  little  flying  of  material.  The  two  halves  can  then  be 
similarly  split 

DISTRTBtJTINO  HOLES  OVER  THE   FACE. 

Another  method  of  drilling  is  to  put  down  a  large  number  of  holes 
over  the  surface,  15  to  24  inches  apart.  Light  shots  can  then  be 
placed  in  three  or  four  holes  at  one  time,  the  holes  "  sprung,"  re- 
loaded, and  shot,  and  so  on,  until  the  piece  is  cracked  off.  This 
breaks  the  salamander  up  smaller  but  requires  more  drilling,  which 
can  as  well  be  done  on  larger  pieces  after  they  are  removed  from 
the  furnace. 

HOLES  SHOTTLD  BE  THOROUGHLY  COOLED. 

In  reloading  holes  when  springing  and  chambering  them,  plenty 
of  water  should  be  used  and  enough  time  permitted  for  them  to 
cool.  Swabbing  the  hole  with  a  wet  rag  is  not  sufficient,  as  the  swab 
only  extinguishes  burning  sparks  and  does  not  cool  the  hole.    The 
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water  diould  be  blown  out  of  the  hole  with  compresBed  air,  and 
the  temperature  of  the  hole  tested  with  a  thermometer  before  it  is 
recharged. 

Cooling  of  the  hole  is  essential;  a  fatal  accident  recently  oc- 
curred from  dropping  sticks  of  dynamite  in  a  hot  hole.  When  more 
than  one  stick  of  dynamite  is  used  in  a  hole,  care  is  needed  to  see 
that  there  is  a  good  contact  between  the  sticks.  In  connecting  up 
with  the  lead  wires  be  sure  that  the  splice  between  the  wires  from 
each  hole  does  not  touch  the  salamander,  so  as  to  cause  leakage  of 
current  and  a  misfire.  Misfires  are  especially  dangerous  in  a  sala- 
mander/and  particularly  so  if  the  holes  have  not  been  thoroughly 
cooled  with  water.  In  event  of  a  misfire  in  a  hot  hole,  from  dis- 
placement of  the  detonator,  leakage  of  current,  or  a  weak  detonator, 
the  heat  will  explode  dynamite  sooner  or  later.  For  this  reason, 
thorough  cooling  of  the  hole  rather  than  inclosing  the  sticks  in  an 
asbestos  tube,  and  care  in  connecting  the  detonator,  firing,  and  lead 
wires,  is  essential  to  avoid  misfires. 

FmiKO  THE  BLAST. 

The  firing  lines  must  be  kept  entirely  separate  from  the  lighting 
circuit  or  firing  machine  until  the  moment  of  firing,  preferably  by 
stationing  one  helper  at  the  end  of  the  lead  wires,  with  instructions 
to  hold  them  in  his  hand.  All  people  should  be  kept  at  a  safe  dis- 
tance, guards  being  placed  at  all  passages  that  might  lead  to  the 
danger  zone.  When  the  holes  are  loaded  a  whistle  may  be  blown 
continuously  until  after  the  explosion  to  give  warning.  No  explo- 
sives except  the  amount  required  for  each  shot  should  be  kept  near 
the*  furnace.  The  top  of  the  furnace  should  be  covered,  or  better 
still,  a  barricade  of  railroad  ties  and  brushwood  placed  around  and 
on  top  of  the  salamander  before  shooting.  At  least  30  seconds' 
warning  should  be  given  either  by  blowing  a  whistle  or  by  the  look- 
out shouting  '^  Fire,"  before  the  shot  is  fired. 

After  the  blast  has  been  fired,  the  ends  of  the  lead  wires  should 
be  inunediately  disconnected  from  the  firing  machine,  or  electric 
circuit,  and  the  lead  wires  examined  to  see  that  the  insulation  has 
not  been  injured  or  stripped  by  flying  material.  When  such  defects 
are  found  they  should  be  repaired  with  insulating  tape.  Any  unin- 
sulated spots  in  'the  wire  may  cause  leakage  of  current  and  misfires. 

CONNSCTING  SHOTS  IN  SERIES  OR  IN  MXTIiTIFLE. 

The  following  discussion  of  methods  of  connecting  shots  and  the 
relative  safety  of  the  two  methods,  prepared  by  H.  H.  Clark,  elec- 
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trical  engineer  of  the  Bureau  of  Mines,  is  from  Technical  Paper 
111:* 

There  are  two  general  methods  of  connection  that  may  be  used  when  flerenl 
shots  are  to  be  fired  at  one  time.  These  methods  are  known  as  series  cooDec- 
tlon  and  parallel  or  multiple  connection.  As  a  general  rule,  shots  should  be 
connected  In  series  when  they  are  to  be  discharged  by  hand,  or  by  spring-oper- 
ated magneto  generators,  because  these  generators  have  not  sufficient  current 
capacity  to  fire  shots  in  multiple.  Where  the  shots  are  discharged  by  current 
tskexi  from  a  power  circuit,  either  series  or  multiple  connection  may  be  used. 
If  shots  are  connected  in  series,  a  minimum  potential  of  about  li  ToltB 
per  shot  will  be  required  If  the  source  of  potential  is  constant,  and  if  it 
is  variable,  as  is  the  case  when  hand  or  spring  operated  magneto  generators  are 
used,  a  somewhat  larger  voltage  will  be  desirable.  The  source  of  power  used 
to  fire  shots  connected  in  series  should  be  capable  of  supfAylng  at  least  U 
amperea 

When  the  shots  are  connected  in  parallel,  the  source  of  power  should  have 
sufficient  capacity  to  supply  about  an  ampere  for  every  shot  to  be  fired,  and 
should  be  capable  of  supplying  sufficient  potential  to  force  the  total  current 
through  the  conductors  that  connect  the  shots  to  the  source  of  power. 

When  the  shots  are  connected  in  series,  it  is  easy  to  make  a  preliminary  test 
to  determine  whether  or  not  the  circuit  is  open ;  and,  barring  the  presence  of 
defective  detonators,  all  shots  will  be  discharged  if  the  proper  voltage  is  sop- 
plied  to  the  firing  circuit.  If  the  charges  are  connected  in  multiple,  there  will 
be  no  easy  means  of  testing  for  poor  connections  and  for  faulty  detonators,  and 
consequently  the  presence  of  either  is  more  likely  to  pass  unnoticed.  On  the 
other  hand,  if  the  connections  are  in  wet  ground  (or  on  a  metaUlc  surface 
such  as  a  salamander)  and  the  wires  are  not  properly  protected  from  mois- 
ture and  leakage  to  the  ground,  it  is  quite  possible  for  some  shots  to  faU  when 
connected  in  series  that  would  surely  be  discharged  in  multiple.  It  is  practi- 
cally impossible  to  state  wliich  of  the  two  methods  of  connection  is  inherently 
safer  if  a  siffliclent  supply  of  voltage  and  current  is  available. 

Faulty  connections  are  probably  the  most  prolific  cause  of  failures  of  shots, 
and  the  best  advice  is  to  emphasize  that  connections  should  be  made  very  care- 
fully; that  wires  should  be  prevented  from  leaking  to  ground  and  short  cir- 
cuiting with  each  other;  that  firing  machines  should  not  be  overloaded  with 
shots  or  used  for  firing  in  mutiple  when  they  are  designed  for  series  only ;  and 
that  all  conductors  used  in  connection  with  shot  firing  should  be  of  ample  size 
to  carry  their  required  current  without  appreciable  decrease  in  voltage. 

The  danger  of  misfires  may  be  minimlKed  by  the  use  of  a  testing  galTanom- 
eter.  This  simple  instrument  employs  a  very  weak  current,  whidi  is  insaffldent 
to  fire  the  charge  but  is  enough  to  deflect  a  needle  and  thus  indicate  a  per- 
fect wiring  connection.  When  the  test  is  made  the  lead  wires  should  be  long 
enough  to  prevent  any  mishap.  If  such  tests  are  made  before  tamping,  wiriae 
defects  can  be  corrected. 

PRECAUTIONS  IN  CONNECTING  SHOTS. 

The  following  rules  given  in  Bureau  of  Mines  Bulletin  80  *  diould 
be  followed: 

•Bowles,  Oliver,  Safety  in  stone  quarrying:  Tecb.  Paper  111,  Bureau  of  Hlaee,  19 U. 
pp.  21-23. 

*  Monroe,  C.  B.,  and  Hall,  Clarence,  A  primer  on  explosiTea  for  metal  mlaen  and 
qnarrymen :  Bull.  80,  Bureau  of  Mines,  1015,  pp.  47-48,  qnoted  by  BoiwIcb,  OUrer, 
Safety  in  stone  qnarrying :  Tecb.  Paper  111,  1016,  p.  24. 
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OOHNBCmvO  rBGS  TO  LEADING  WIBB8. 

An  electrte  igniter  oc  an  electric  detonator  should  be  so  loaded  into  a  bore 
bole  tbat  while  it  is  in  perfect  contact  with  the  diarge  the  legs  ot  the  igniter 
or  detonator  reach  at  least  6  inches  out  of  the  complettiy  stemmed  and  tamped 
hole.  Both  legs  should  be  bared  of  their  Insulation  fbr  about  2  in<4kes  from  their 
ends,  and  the  wires  so  (deanly  scrapod  that  a  good  electrical  contact  can  be  made 
with  them.  Each  leg  is  then  firmly  connected  with  one  of  the  leading  wires 
by  about  five  turns. 

spucss  sHouu)  nor  be  opposite — wsAPpma  spugbs. 

It  is  bad  practice  to  have  the  two  splices  directly  opposite  each  other,  because 
when  the  leading  wires  are  pulled  the  splices  may  touch  one  another  and  thus 
make  a  short  circuit,  which  will  prevent  the  electric  Igniter  or  electric  detonator 
from  being  exploded.  A  better  plan  is  to  wrap  the  bare-wire  splice  with  tape 
made  for  the  purpose,  which  completely  insulates  them. 

CONNECTING   LEADING   WIBE8   TO   FIBING   MACHINES. 

After  the  legs  are  spliced  to  the  leading  wires  (and  not  till  then),  the  wires 
are  connected  to  the  firing  machine  from  which  the  electric  current  is  to  be 
obtained.  This  last  connection  should  never  be  made  until  all  the  men  are  at 
a  safe  distance  from  the  place  where  the  blast  is  to  be  fired. 

ALL  CONNECTIONS  TO  BE  MADE  FBOM  BOBE  HOLE  TO  FIBING  MACHINE. 

The  rule  should  be  made  and  never  broken  that  when  bore  holes  are  charged 
the  "  connecting  up  "  shall  move  from  the  bore  hole  back  to  the  firing  machine. 
The  work  in  all  blasting  operations  should  be  so  organized  that  it  can  never 
be  possible  for  the  leading  wires  to  be  coupled  to  the  firing  machine  while 
anyone  is  about  the  place  where  the  holes  are  being  charged  and  where  the 
blast  is  to  B^  fired. 

PBECAtmOirS  IK  STOBIKG  AXfD  EAHBLIKa  EXPLOSIVES. 

The  following  rules  regarding  the  use  and  care  of  explosives 
are  taken  from  Miners^  Circular  6,°  of  the  Bureau  of  Mines. 

STOBAGE  OF  EXPLOSIVES. 

Don't  store  detonators  with  explosives.  Detonators  should  be  kept  by  them- 
selves. 

Don*t  open  packages  of  explosives  in  a  magazine. 

Don't  open  packages  of  explosives  with  a  nail  puller,  pick,  or  chisel. 

Packages  should  be  opened  with  a  hardwood  wedge  and  mallet,  outside  of 
the  magazine,  and  at  a  distance  from  It. 

Don't  store  explosives  in  a  hot  or  damp  place.  AU  explosives  spoil  rapidly 
if  so  stored. 

Don't  store  explosives  containing  nitroglycerin  so  that  the  cartridges  stand 
on  end.  The  nitroglycerin  Is  more  likely  to  leak  from  the  cartridges  when  they 
stand  on  end  than  it  is  when  they  lie  on  their  sides. 

Don't  repair  a  magazine  until  all  explosives  are  removed  from  it. 

*  Han,  Clarence,  Permissible  explosives  tested  prior  to  January  1,  1912,  and  precautions 
to  be  taken  in  their  use :  Miners'  Circular  6,  Bureau  of  Mines,  1912,  pp.  $-^, 
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THAWIKQ  EZPI40QIYS9* 

Don't  ude  ezploslyes  that  are  frooen  or  partiy  frosen.  The  charge  may  not 
explode  con^^letely,  and  serious  acddeuta  may  result.  It  the  ezplosioiL  is  not 
complete,  the  full  strength  of  the  charge  is  not  exerted  and  larger  quantities  of 
harmful  gases  are  given  oil. 

I>on't  thaw  frozen  explosives  before  an  open  fire,  nor  In  a  stovei,  nor  over  a 
lamp,  nor  near  a  boiler,  nor  near  steam  pipes,  nor  by  placing  cartridges  in 
hot  water.  Use  thawers  such  as  are  furnished  by  the  manufactorerB  of 
explosives. 

Don*t  put  hot-water  or  steam  pipes  in  a  magazine  for  thawing  purposes. 
Where  large  quantities  of  explosives  are  used,  a  special  thaw  house  should  be 
built  large  enough  to  hold  the  quantity  of  explosives  needed  for  a  day*s  work. 

HANDLING  DETONATORS  AND  EXFU>SiyES. 

Don't  carry  detonators  and  explosives  in  the  same  package.  Detonators  are 
extremely  sensitive  to  heat,  friction,  or  blows  of  any  kind. 

Don*t  handle  detonators  or  explosivefl  near  an  open  flame. 

Don*t  expose  detonators  or  explosives  to  direct  sunlight  for  any  length  of 
time.    Such  exposure  may  increase  the  danger  in  their  use. 

Don't  open  a  package  of  explosive  until  ready  to  use  the  explosive ;  then  use 
it  promptly.    All  explosives  are  injured  by  exposure  to  the  action  of  the  air. 

Don't  handle  explosives  carelessly.  They  are  all  sensitive  to  blows,  friction, 
and  fire. 

USING  DETONATORS  AND  EXPLOSIVES. 

Don't  crimp  a  detonator  (blast  cap)  around  a  fuse  with  the  teeth.  Uae  a 
cap  crimper  which  is  supplied  by  any  manufacturer  of  explosives. 

Don't  use  a  metal  tamping  rod.  Even  a  copper-tipped  rod  is  not  to  be  rec- 
ommended.   Use  only  wooden  rods. 

Don't  return  to  the  face  until  at  least  five  minutes  after  a  shot  has  been 
fired.  All  explosives  tested  to  date,  including  black  blasting  powder,  yi^d 
inflanmiable  and  poisonous  gases. 

Don't  return  to  the  face  for  at  least  one^half  hour  after  a  misfire^  Hangflres 
and  misfires  are  most  likely  to  happen  when  squibs  or  fuse  are  used. 

Don't  attempt  to  draw  nor  to  dig  out  the  charge  In  case  of  a  misfire.  Drill 
and  charge  another  hole  at  least  2  feet  away  from  the  hole  that  misfired. 

Don't  use  an  ordinary  dry-cell  battery  for  firing  electric  detonators  unle^ 
it  is  carried  in  a  box  having  a  safety  key  or  button  contact  The  battery 
should  be  so  constructed  that  if  the  leading  wires  or  the  legs  of  an  electric 
detonator  should  come  in  contact  with  its  poles  the  current  will  not  be  dis- 
charged until  the  safety  key  or  button  is  used. 


PART  ni.    BLAST-FURNACE  SLIPS. 
FTJBPOSE  OF  lilVESTiaATIOir. 

The  mechanism  of  blast-furnace  slips,  the  chemical  and  physical 
conditions  causing  them,  and  the  various  theories  to  account  for 
irregular  movement  of  stock  in  the  furnace  have  been  an  attractive 
field  for  discussion  and  speculation  among  blast-furnace  and  technical 
men  for  many  years,  because  the  subject  related  to  the  attainment  of 
regular  practice,  and  consequently  to  tonnage,  quality  of  iron^  and 
costs,  and  also  to  the  safety  of  the  men  and  of  the  equipment.  The 
dangers  incident  to  blast-furnace  slips  are  comprised  in  the  ejection 
of  coke,  limestone,  ore,  and  scrap  from  the  furnace  top  over  the 
yards,  tracks,  roofs,  and  pathways,  and  in  the  added  danger  about 
the  base  of  the  furnace  from  bursting  tuy&res,  burned  blowpipes, 
chilled  iron  notch,  and  filled  tuyere  stocks.  Occasional  bosh  failures, 
blown-off  tops,  or  ruptured  furnace  shells  have  added  to  the  apparent 
hazard,  and,  in  addition,  a  marked  tendency  toward  slipping  tends, 
at  many  plants,  to  increase  the  accident  risk  of  other  operations 
about  the  furnace. 

The  safeguards  against  slipping  are  extremely  few.  Essentially 
the  best  safeguards  and  precautions  against  slips,  with  their  attend- 
ant damage  or  hazard,  lie  in  suitable  furnace  construction,  design, 
and  practice,  and  in  the  wise  selection  of  the  materials  used  for  the 
burden.  The  number  and  severity  of  slips  at  blast  furnaces  in  this 
country  have  been  considerably  lessened  by  progress  along  these 
lines.  This  reduction  has  been  accomplished  chiefly  through  many 
costly  experiments  and  trials  in  the  contour  of  linings,  methods  of 
distribution  of  charges,  and  changes  in  design  and  practice  to  suit 
the  various  ores  and  cokes  American  plants  have  had  to  use,  covering 
a  considerable  range  of  years,  rather  than  to  any  improvement  which 
may  be  attributed  to  contribution  of  fact  or  theory  by  technical 
authorities. 

In  undertaking  to  review  the  theory  and  prevention  of  blast- 
furnace slips  no  attempt  has  been  made  to  suggest  a  panacea  for 
supposedly  poor  practice  or  nnduly  hazardous  conditions  at  Ameri- 
can furnace  plants,  for  such  a  condition  does  not  prevail.  A  summary 
of  the  more  important  contributions  to  the  technical  literature,  with 
a  tabulation  of  information  obtained  from  various  sources  by  word 
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of  mouth,  has  been  prepared  for  the  benefit  of  those  in  charge  of 
and  working  about  blast-furnace  plants.  Every  slip  of  any  conse- 
quence is  indicative  of  deranged  conditions  in  the  furnace  which  need 
correcting.  It  is  believed  that  the  review  of  causes  and  remedies  here 
presented  may  be  found  suggestive  in  overcoming  the  abnormal  con- 
ditions which  lead  to  slipping. 

OCCrrBBEHCE  OF  SUPS. 

A  blast-furnace  slip  is  always  preceded  by  "hanging"  of  the 
charge  in  the  furnace,  where,  because  of  irregularity  in  practice,  or 
the  augmenting  of  some  abnormal  or  detrimental  factor,  a  part  of 
the  charge  bec<Hnes  wedged.  Sooner  or  later,  from  a  few  minutes  up 
to  several  hours,  this  material  gives  way  and  falls  inside  the  furnace ; 
this  sudden  descent  of  material  has  been  given  the  name  of  a  ^^  slip.'' 

At  many  plants  small  slips  are  of  daily  occurrence,  usually  fre- 
quent, and  many  large  furnaces  apparently  work  only  by  slipping. 
As  a  rule,  such  slips  cause  little  disturbance  to  furnace  processes 
and  offer  little  hazard  to  life  or  property.  If  this  were  not  so,  prac- 
tice and  work  about  blast  furnaces  would  have  become  intolerable 
many  years  ago.  However,  chronic  and  excessively  heavy  slips  may 
develop  and  may  disarrange  the  working  of  a  furnace  for  weeks  at  a 
time,  in  addition  to  introducing  a  considerable  hazard  to  the  force. 
After  a  furnace  has  hung  for  some  time  the  charge  may  descend 
quietly,  or  gas  and  dust  may  be  blown  from  the  bleeders  or  ex- 
plosion doors  for  several  seconds,  or  the  stock  may  fall  so  heavily 
that  the  impact  shakes  the  furnace  foundation]^  or  bursts  the  bosh. 
Sometimes  the  slip  becomes  so  violent  that  it  resembles  an  explosion. 
There  is  a  deep,  heavy  roar,  and  dust  and  gas  are  ejected  from  the 
bleeder  ISO  feet  or  more  in  the  air  and  from  the  explosion  doors;  a 
sheet  of  flame  plays  about  the  furnace  stack,  hiding  the  top;  and 
large  quantities  of  ore,  coke,  and  limestone  are  ejected  over  the  yards 
and  tracks.  Sometimes  the  top  is  blown  off  and  the  side  is  split,  and 
in  some  instances  blast  furnaces  have  been  completely  destroyed. 
This  explosive  type  of  slip  is  prolonged  rather  than  instantaneous, 
as  it  lasts  5  to  15  seconds. 

Iin)ICATIONS  OF  HANOINa. 
AFFEARAKGB  OF  THE  GAS. 

A  furnace  will  nearly  always  give  some  indication  that  it  is 
hanging.  The  most  ancient  and  time-honored  indication  of  good 
or  bad  furnace  working  has  been  the  ^^top  flame.''  Thus  practice 
dates  back  scores,  perhaps  hundreds,  of  years,  to  the  time  when 
furnaces  had  open  tops,  and  later  on,  to  the  time  when  tiie  usual 
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excess  of  gas  was  led  off  through  a  bleeder,  where  it  might  or  might 
not  bum.  A  furnace  working  regularly  will  usually  emit  a  gas 
characterized  by  a  gray  fume,  more  or  less  heavy.  At  night  there 
is  usually  a  continued  emission  of  pyrophoric  sparks  about  the 
bleeder.  If  the  gas  bums,  it  usually  gives  a  blue-red  smoky  flame. 
As  a  furnace  begins  to  hang,  the  gas  becomes  clearer  and  more 
translucent  and  the  flame  bluer.  When  the  furnace  becomes  very 
tight  and  cold,  the  gas  bums  with  a  dust-free  and  translucent  flame, 
or  the  gas  ma/  completely  disappear,  when  the  furnace  is  said  to 
be  '^  dead  on  top."  With  tight  tops  and  bleeders  the  appearance  of 
gas  on  top  has  ceased  to  be  a  conclusive  indication  of  furnace  work- 
ing. However,  as  considerable  amounts  of  gas  leak  from  about  the 
bleeder  seats,  it  is  still  watched  closely  by  experienced  and  practical 
furnace  men.  The  use  of  washed  gas  at  stoves  removes  any  possi- 
bility of  judging  the  working  of  the  furnace  by  the  appearance  of 
the  gas  at  this  point ;  moreover,  the  characteristics  of  stove  gas  have 
never  been  a  reliable  indication  of  furnace  conditions.  The  c<m- 
nection  between  hanging  and  the  top  flame  is  not  necessarily  con- 
stant, as  different  rates  of  driving,  the  use  of  coke  blanks,  tlie 
character  of  slag,  or  the  wetting  of  the  ores,  affect  the  appearance  of 
the  flame  and  it  may  mislead  those  who  are  not  familiar  with  the 
variations  introduced  in  blowing  and  charging  the  furnace.  When 
a  furnace  hangs  for  some  time,  becomes  tight,  and  the  gas  appar- 
ently disappears  or  is  "dead  on  top,"  the  starting  of  the  slip  is 
often  indicated  by  small  jets  of  yellow  flame  about  the  seats  of  the 
explosion  doors,  several  seconds  to  a  few  minutes  before  the  furnace 
slips. 

RATE  OF  CHABGIKG. 

A  second  indication  of  hanging  is  the  slackening  in  the  rate  at 
which  the  furnace  takes  the  rounds  of  burden.  A  furnace  taking  96 
charges  in  24  hours  should,  when  working  regularly,  take  on  an 
averages  12  charges  in  each  three-hour  period ;  the  number  of  charges 
is,  however,  above  this  average  during  the  night  and  below  it  dur- 
ing the  day.  Wider  variations  in  rate  of  taking  burden  are  not 
uncommon,  as  on  some  days  the  furnace  may  take  many  more 
charges  than  corresponds  to  the  average  daily  rate  of  driving  and 
tonnage,  or,  on  the  contrary,  charging  may  be  so  retarded  that  the 
tonnage  for  the  day  represents  a  gain  of  5  to  15  per  cent  over  the 
equivalent  amount  of  iron  charged.  This  may  take  place  with  regu- 
lar driving  and  absence  of  marked  slips.  As  a  rule,  however,  a 
deficiency  of  more  than  two  rounds  from  this  established  average 
over  a  three-hour  period  is  an  indication  of  hanging.  Of  course, 
the  rate  of  charging  ib  checked  at  much  less  than  three-hour  inter- 
vals, because  hanging  may  develop  in  as  short  a  time  as  30  minutes. 
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'A  furnace  may  be  working  "stiflP**  and  after  taking  two  or  three 
rounds  stick  for  poadbly  10  or  15  minutes,  move,  take  another 
round,  stick,  move ;  then  take  three  rounds,  stick,  and  more,  and  so 
on.  Many  furnaces  work  this  way  day  in  and  day  out  with  no 
serious  effect.  At  other  furnaces  the  charge  descends  regularly  at 
short  intervals  by  a  series  of  slight  drops,  and  the  beginning  of  a 
^  stiff ''  movement  is  likely  to  develop  into  serious  hanging,  A  fur- 
nace, whether  working  "stiff"  or  regularly,  may  "stick"  very  sud- 
denly, or  may  work  into  this  condition  only  by  becoming  gradually 
stiffer.  As  a  general  rule,  subject  to  some  leeway,  when  a  furnace 
which  is  working  stiff  stands  still  for  periods  of  more  than  20 
minutes,  in  which  no  charges  are  taken,  it  may  be  said  to  be  sticking 
or  hanging. 

TBMPERATURS  Ain>  PRB8ST7BE  OF  THB  GAS  IN  THIS  TOP. 

Closely  connected  with  rtiddng,  or  a  reduction  in  the  rate  of 
charging,  is  the  temperature  of  the  top  gas,  as  in  this  case  the  tem- 
perature invariably  rises,  sometimes  as  much  as  200^  F.  in  20  min- 
utes. This  rise  in  temperature  is  primarily  due  to  ceasati<ML  of 
charging,  and  may  indicate  nothing  more  thiui  a  "  spell "  (fillers 
stop  charging  to  rest  or  eat)  in  the  stock  house.  It  may,  however, 
if  charging  is  stopped  on  account  of  the  furnace  sticking,  indicate 
abnormal  conditions  inside  the  furnace.  If  the  furnace  is  an  isolated 
one,  a  marked  drop  in  the  pressure  of  the  top  gas,  as  its  temperature 
increases,  indicates  hanging  of  the  charge. 

At  a  few  plants  where  instruments  for  recording  the  composition 
of  the  gas  are  installed,  a  relation  can  be  traced  between  ^  hanging  ^ 
and  the  carbon  dioxide  content  of  the  gases.  Such  information  is, 
however,  more  of  historical  interest,  after  hanging  has  developed^ 
than  of  immediate  value  in  anticipating  the  condition. 

BLAST  PRESSUBE. 

Another  indication  of  hanging  is  variation  in  the  blast  pressure. 
For  example,  the  pressure  almost  invariably  increases  after  casting, 
when  the  furnace  hangs  for  a  while,  especially  if  the  blast  has  been 
off  the  furnace  for  over  two  or  three  minutes  and  if  the  furnace  has 
been  running  on  blast  temperatures  of  more  than  1000«  F.  In  nor- 
mal practice  and  with  an  average  blast  pressure  of  15  pounds,  the 
pressure  may  rise  to  17  or  19  pounds  immediately  after  casting,  and 
then  gradually  fall  in  the  course  of  40  minutes  to  the  normal  average 
pressure.  The  blast  pressure  may  similarly  rise  when  sticking  and 
hanging  develops  between  casting  periods.  A  furnace  running  at 
a  blast  pressure  of  15  pounds  between  casts  may  start  to  hang  on  top 
without  any  increase  in  blast  pressure,  or,  on  the  contrary,  the  blast 
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pressure  may  suddenly  increase  without  any  immediate  sticking  or 
decrease  in  rate  of  charging. 

REL4TIOK  OF  VARIATVXKS  IK  BLAST  PfiBSSITKB  AlfD  RATE  OF  CHAXfllHG^ 

An  increase  in  blast  pressure  is  ahnost  invariably  accompanied, 
however,  by  a  decreased  rate  or  the  cessation  of  charging.  When- 
ever hanging  assumes  serious  proportions,  increase  in  blast  pressure 
and  irregularity  of  charging  are  closely  related,  although  a  period 
of  chronic  hanging  and  heavy  slipping  may  be  brought  about  by  a 
^  hanging  ^  in  which  the  blast  pressure  remains  normal  until  the  slip 
has  occurred.  The  most  unmistakable,  and  the  earliest,  indication 
of  hanging  is  to  be  found  not  in  the  blast  pressure  or  character  of 
the  top  gas  but  in  the  rate  of  charging.  If  the  furnace  is  watched 
closely  and  at  the  first  indication  of  hanging,  steps  are  taken  to  an- 
ticipate its  developing  into  protracted  sticking  and  heavy  slipping, 
the  more  serionis  and  chranie  hanging  can  usually  be  avoided,  this 
depending  somewhat  on  whether  the  hanging  is  at  the  top  or  bottom 
of  the  furnace. 

CONBITIONS   CAtrSINa   TKANSITION   V&OM   <' HANaiNa "    TO 

Whenever  the  charge  sticks  or  hangs  a  cavity  is  formed  at  some 
point  in  the  furnace.  For  every  40,000  cubic  feet  of  air  blown  per 
minute  there  is  burned  approximately  730  pounds  of  coke,  which 
will  occupy  a  space  of  about  25  cubic  feet. 

Accompanying  the  coke  is  1,460  potmds  of  ore,  occupying  about 
9  cubic  feet,  and  400  pounds  of  limestone,  occupying  4  cubic  feet, 
making  a  total  of  86  cubic  feet  of  material  which  is  smelted  per 
minute  and  disappears  into  the  hearth  as  slag  and  iron  or  out  the 
gas  offtakes  as  gas  and  steam.  In  40  minutes,  therefore,  a  cavity 
about  1^200  cubic  feet  in  size  would  be  formed  beneath  the  hanging 
part,  representing  in  the  shaft  an  average  depth  of  about  5  feet 
or  at  the  top  of  the  bosh  about  3  feet  Above  this  cavity,  which  is 
filled  with  gas,  is  a  column  of  stock  weighing,  roughly,  25,000 
pounds  per  foot  of  height,  so  that  the  total  weight  of  the  column 
of  stock  above  the  cavity  ranges  from  1,500,000  pounds  when  hang- 
ing takes  place  at  the  bosh  to  250,000  pounds  at  10  feet  below  the  top. 

The  downward  movement  of  the  stock  column  having  been  arrested, 
it  remains  at  rest  until  the  cause  of  its  sticking  or  hanging  is  re- 
moved. Uhling*  has  brought  out  the  fact  that  as  the  friction  of 
rest  is  greater  than  the  friction  of  motion,  then,  if  the  latter  is  suffi- 
cient to  bring  the  descending  stock  column  to  a  standstill,  the  f  rio- 

•  Uhllng,  E.  A.,  Fundamental  principles  Inrolved  In  blast  furnace  pracUce ;  Jour.  Frank- 
lin Inst.,  Yol.  169,  1005,  p.  117. 
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tion  of  rest  must  be  more  than  enough  to  hold  the  material  sta- 
tionary. Also,  the  column  is  supported  by  the  gas  pressure  against 
its  base,  and  this  pressure  becomes  greater  as  the  top  of  the  descend- 
ing part  of  the  odumn  is  lowered,  because  the  shorter  the  descending 
part  becomes  the  less  resistance  it  offers  to  the  ascending  gas,  and, 
therefore,  the  greater  the  temperature  and  pressure  of  the  gas  pass- 
ing into  and  from  the  cavity.  Finally,  if  the  sticking  has  occurred 
in  the  upper  part  of  the  furnace,  the  arrested  part  of  the  column 
probably  grows  in  bulk  from  the  moment  of  retardation,  and  thus 
wedges  itself  still  more  tightly  against  the  lining.  Eventually, 
when  the  pressure  of  the  gas  in  the  cavity  is  high  enough  to  dislodge 
the  overlying  column,  or  is  so  reduced  by  slackening  the  blast  that 
it  will  not  support  the  hanging  material,  or  when  the  gas-filled 
cavity  gets  hot  enough,  or  is  abnormally  cooled,  the  arrested  column 
drops  into  the  cavity,  or  "  slips." 

THEOBIES  OT  THE  CAU8BS  OF  BUU3T-SirBHACX  SUPS. 

The  effect  and  appearance  of  a  slip  depends  upon  where  the  hang- 
ing started,  the  depth  and  shape  of  the  cavity,  the  pressure  of  the 
gas  beneath,  the  weight  of  the  suspended  column,  the  physical  char- 
acter of  the  ore,  and  the  manner  of  falling.  There  being  no  means 
of  direct  observation,  one  can  only  surmise  the  mechanism  of  a  sUp 
f  rcHn  the  correlation  of  a  great  deal  of  experience,  data,  and  observa- 
tion of  various  men.  Some  slips  have  been  so  violent  that  they  have 
been  termed  ^^  explosions,"  and  many  furnace  men  believe  that  a 
true  explosion  may  take  place  under  certain  conditions,  this  theory 
being  based  on  the  fact  that  the  so-called  explosion  has  been  observed 
to  follow  the  dip  by  an  appreciable  interval.  A  knowledge  of  the 
various  theories  of  hanging,  slips,  and  explosions  is  important  in 
order  that  the  most  effective  steps  to  prevent  their  occurring  too 
persistently  and  excessively  may  be  taken.  Hanging  of  the  charge 
probably  takes  place  throughout  the  depth  of  the  stock  column,  but 
to  distinguish  the  different  causes  it  may  be  considered  to  be  divided 
into  two  varieties,  ^'top  hanging"  and  ^^ bottom  hanging."  The 
causes  are  quite  distinct  in  each  case,  but  as  the  locaticm  of  the  hang- 
ing or  sticking  approaches  midway  between  the  mantle  and  the  top 
the  causes  probably  become  due  to  a  combination  of  irregular  work- 
ing, both  at  the  bottom  and  the  top. 

CAUSES  OF  BOTTOM  HANGING  AND  SLIPPING. 

^^ Bottom  hanging"  or  ^^  deep  hanging"  may  be  considered  to  take 
place  from  the  lower  bosh  to  the  top  of  the  zone  of  slag  formation 
and  to  be  due  to  excessively  refractory  slag  caused  by  variations  in 
the  materials  charged  or  in  the  blast,  fluctuations  in  silicon  content 
of  the  iron,  or  by  running  regularly  on  too  limy  a  slag.    Altiiough 
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the  theories  of  fusibility  of  slags  are  not  exact,  it  is  well  known 
that  an  excess  of  lime  or  alumina  renders  a  slag  refractory.  The 
point  of  fusion  rises  with  increasing  percentages  of  lime  or  alumina, 
and  the  excess  of  these  constituents  over  the  percentage  represented 
by  a  slag  of  normal  fusibility  is  apparently  dissolved,  the  slag  being 
a  solution  of  a  spinel,  basic  silicate,  or  aluminate  in  a  silicate  or 
aluminate  which  makes  up  the  body  of  the  slag.  For  example,  a 
slag  analyzing  38  per  cent  silica,  15  per  cent  alumina,  and  48  per 
cent  bases  would  roughly  correspond  to  a  solution  of  one  part 
2CaO.SiO,  in  two  parts  2SiOa.Al2O3.3CaO.  The  most  fusible 
slag-forming  constituents  are  considered  to  combine  first  in  the  ' 
upper  bosh  or  lower  inwall,  the  excess  of  basic  constituents  entering 
in  as  the  materials  sink  farther  down  in  the  furnace  and  become 
hotter.  Under  these  conditions  it  is  evident  that  throughout  the 
descent  of  slag-forming  material  some  of  the  cinder-forming  con- 
stituents are  at  the  limit  of  their  fusibility,  and  any  violent  irregu- 
larity which  causes  chilling  of  that  part  of  the  furnace  where  slag 
formation  is  under  way,  or  any  sudden  increase  in  basicity,  must 
cause  these  parts  of  the  slag  to  congeal  or  freeze. 

The  effect  of  the  lowering  of  the  temperatures  on  slag  formation 
is  described  in  the  following : 

In  normal  work  the  first  portions  of  the  slag  may  be  assumed  to 
melt  in  contact  with  gas  at  2,400°  F.  at  3  feet  above  the  bosh  line, 
the  remainder  of  the  basic  gangue  remaining  in  a  pasty  state  until  a 
temperature  of  2,800°  F.,  say,  at  a  point  1  foot  below  the  bosh  line, 
is  reached,  when  it  goes  into  solution  with  the  slag  first  formed.  If 
the  furnace  suddenly  works  cold,  the  temperature  may  be  2,400°  F. 
at,  say,  1  foot  above  the  bosh  line,  whereas  the  last  stage  of  melting 
will  be  at  8  feet  below  the  bosh  line  and  the  portion  of  slag  held  in 
the  upper  zone  will  now  tend  to  freeze  out  the  more  basic  part. 
That  portion  of  the  cooling  slag  away  from  the  walls  of  course 
continues  to  descend,  but  the  part  next  the  walls  may  stick  to  them. 
As  the  working  of  the  furnace  again  Wcomes  normal,  the  slag  stuck 
to  the  walls  should  melt,  and  probably  does  more  often  than  not. 
Under  certain  conditions,  however,  the  slag  frozen  to  the  walls  may 
contain  a  large  amount  of  fine  coke  dust  and  carbon  dust,  which 
makes  it  suflSciently  refractory  to  withstand  the  normal  temperature 
at  the  place  where  it  has  formed.  When  such  scaffolds  are  analyzed 
or  examined,  they  are  usually  found  to  consist  of  a  conglomerate  of 
very  limy  slag,  iron  oxides,  lime  dust,  coke,  and  coke  and  carbon 
dust,  cemented  together  .into  a  solid  refractory  mass  by  slag  and 
cyanide  of  potassium.  I'hese  scabs  may  be  augmented  by  fresh  de- 
posits of  congealed  material,  or  by  somewhat  plastic  material  plas- 
tered against  the  scab  by  compression  and  weight  of  the  stock 
column  above.     In  a  way  such  action  of  a  furnace  in  producing 
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accretions  at  or  below  the  working  temperature,  which  the  same 
or  a  higher  temperature  can  not  smelt  is  an  anomaly,  but  it  is  a 
condition  that  has  been  repeatedly  and  thoroughly  demonstrated. 

Scabbing  may  also  be  caused  by  the  furnace  working  erratically 
and  excessively  hot.  A  furnace  running  on  1.25  per  cent  silicon  in 
the  iron,  with  1,000  pounds  slag  volume  containing  34  per  cent  silica, 
14  per  cent  alumina,  and  48  per  cent  bases,  will  on  making  iron  with 
2.25  per  cent  silicon  withdraw  48  pounds  of  silica  from  the  slag, 
making  the  analysis  30.6  per  cent  silica,  14.7  per  cent  alumina, 
and  50.4  per  cent  bases,  which  represents  a  much  more  refractory 
*  slag  and  one  which  may  conceivably  lower  the  zone  of  fusion  and 
cause  scabbing  of  the  furnace  walls.  Other  factors,  such  as  an  ex- 
cessively limy  burden,  flat  boshes,  high  or  overcooled  bosh,  too  hot 
a  blast,  varying  coke  structure,  irregular  weighing  of  charges,  vari- 
ations in  moisture  content  of  the  blast  air,  and,  in  fact,  any  defect  in 
design,  construction,  or  practice,  may  similarily  change  the  location 
of  the  fusion  zone,  or  cause  the  more  infusible  parts  of  the  slag  to 
freeze,  and  thus  start  scaffolds.  Any  one  of  these  conditions,  al- 
though possibly  insufficient  in  itself  to  cause  serious  scaffolding,  is 
aggravated  by  large  variations  in  the  temperature,  volume,  or  mois- 
ture content  of  the  blast.  When  scabbing  or  accumulation  of  mate- 
rial on  the  lower  inwall  or  bosh  becomes  chronic,  and  the  deposits 
refuse  to  come  off,  scaffolding  is  introduced.  The  accumulations  of 
material  project  out  into  the  furnace,  diminish  the  cross  section,  in- 
crease the  velocity  of  gas  and  hence  its  supporting  effect  on  the 
descending  burden,  and  afford  a  foothold  on  which  the  charge  may 
rest  and  arch  across.  In  one  instance  a  plate  had  been  cut  by  a  slip, 
and  the  blast  was  taken  off  at  casting,  and  upon  the  plate  being 
pulled  part  of  an  arch  could  be  seen  on  the  opposite  side  of  the 
furnace,  on  the  upper  part  of  the  bosh. 

Most  cases  of  bottom  hanging  doubtless  start  in  the  fusion  zone 
from  one  or  more  of  the  above  causes,  approximately  as  indicated. 
When  such  hanging  develops  into  chronic  slipping,  other  factors 
may  be  introduced,  such  as  tight  jamming  of  material  in  the  lower 
inwall  and  bosh  when  the  stock  column  slips  down,  bringing  down 
of  cold  or  unreduced,  uncarbonized,  or  unsmelted  material  to  the 
fusion  zone,  or  the  formation  of  a  shelf  or  shoulder  by  erosion  of 
lining.  The  primary  difficulty  and  the  one  to  be  corrected  is,  how- 
ever, the  formation  of  an  incrustation  of  slag,  coke  dust,  and  lime 
conglomerate  on  the  lower  walls  of  the  furnace. 

CArSES  OP  TOP  HANGING. 
CABBON  DEPOSITION. 

"Top  hanging"  is  entirely  different  both  in  occurrence  and 
seriousness  from  bottom  hanging  and  is  more  difficult  to  account 
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for.  The  most  attractive  theory  has  been  that  hanging  is  due  to 
the  d^osition  of  finely  divided  carbon  on  and  in  the  interstices  of 
finely  divided  and  easily  reducible  ore.  Van  Flotten*  was  the 
first  to  advance  this  theory  Strongly,  although  Bell  had  demonstrated 
its  plausibility  and  furnace  men  were  familiar  with  the  presence  of 
carbonaceous  dust  in  the  charge,  as  in  repairing  a  furnace  it  can 
be  noticed  that  a  fine  voluminous  mass  of  carbon  fills  every  interstice 
of  the  charge,  and  when  a  furnace  is  blown  out  the  walls  are  covered 
and  the  cracks  filled  with  carbon,  and  also  when  a  furnace  slips  or 
"  rolls  "  a  cloud  of  black  dust  is  frequently  ejected.  The  theories  of 
carbon  disposition  may  be  summarized  as  follows: 

1.  The  reaction  (i)  2CO=COa+C  occurs  between  750^  and  1,800° 
F.,  being  strongly  from  left  to  right  at  750**  F.,  with  consequent 
separation  of  carbon  but  diminishing  rapidly  from  1,300°  F.  up. 
The  velocity  of  the  reaction  is  increased  in  contact  with  catalytic 
or  accelerating  agencies,  such  as  finely  divided  iron,  manganese,  or 
nickel- 

2.  When  the  carbon  dioxide  formed  by  the  decomposition  of  car- 
bon monoxide  comes  in  contact  with  the  finely  divided  iron,  the 
iron  may  be  oxidized  to  ferrous  oxide,  according  to  equation  {S) 
CO,+Fe=:FeO+CO. 

3.  Above  1,200°  F.,  inside  temperature,  a  blast  furnace  works 
ideally,  and  reaction  1  can  not  take  place  to  any  marked  degree 
because  the  partial  pressure  of  carbon  monoxide  in  the  gaseous 
mixture  of  monoxide  and  dioxide  is  smaller  than  the  equilibrium 
pressure  of  the  reaction. 

4.  If  from  any  cause  the  temperature  falls  below  1,200°  F.  in  the 
zone  in  which  the  formation  of  metallic  iron  sponge  fi*om  the  reduc- 
tion of  ores  has  begun,  then  the  equilibrium  pressure  of  the  reaction 
1  becomes  proportional  to  the  temperature;  and  the  partial  pres- 
sure of  carbon  monoxide  in  the  gaseous  mixture  being  greater  than 
the  pressure  corresponding  to  equilibrium,  decomposition  of  the 
monoxide  follows,  with  separation  of  carbon. 

5.  This  is  because  the  effect  of  increasing  the  pressure  is  to  accel- 
erate reaction,  which  may  take  place  with  decrease  in  volume.  The 
decomposition  of  carbon  monoxide  takes  place  with  lessening  volume 
from  two  to  one. 

With  these  physical  laws  m  mind,  one  can  build  up  a  theory  to 
account  for  hanging  at  the  top  of  the  furnace.  If  temperatures  in 
the  furnace  above  1,200°  F.,  which  will  comprise  zones  where  the 
reduction  of  iron  oxide  is  virtually  complete,  are  ignored,  it  is  evi- 
dent that  at  temperatures  of  1,200°  to  500°  F.  uninterrupted  reduc- 

•Van   Flotten,  W.»  Das  Hangen  der  Glchten  la  dem  Hochofen:   Stahl  and  Elten, 
Jahrg.  22,  Febraary,  1892,  p.  114. 
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tion  of  ore  is  taking  place,  and  with  theoretically  ideal  condi- 
tions there  should  be  little  or  no  deposition  of  carbon.  This  is  in 
spite  of  the  fact  that  metallic  iron  may  appear  at  a  temperature  of 
750°  F.  and  is  usually  present  in  marked  amounts  at  1000^  F^  and 
is  therefore  in  contact  with  the  carbon  monoxide  and  carbon  dioxide 
gases.  However,  a  sufficient  change  in  the  temperature  of  the  gas 
will,  according  to  physical  laws,  promote  splitting  up  of  carbon 
monoxide  and  reoxidation  of  iron,  with  resulting  carbon  separation. 
Suppose  that  a  charge  of  extremely  fine  and  reducible  ore  is  intro- 
duced. On  account  of  the  accelerated  rate  of  reduction  and  heat 
absorption  the  temperature  drops.  The  pressure  of  the  gas  con- 
sequently drops  below  the  equilibrium  pressure  for  carbon  monoxide 
and  carbon  dioxide  in  contact  with  finely  divided  iron  and  iron 
oxide,  the  partial  pressure  of  carbon  monoxide  causing  its  decompo- 
sition according  to  equation  1  (2CO=C02+C). 

By  the  increase  in  concentration  of  CO,  and  its  higher  partial 
pressure  iron  is  reoxidized  according  to  the  following  equation 
{3)  Fe4-CO,=FeO+CO,  and  the  CO  thus  produced  again  forms 
COg  and  C,  according  to  equation  1.  The  catalytic  effect  of 
iron  sponge  increases  the  velocity  of  the  reaction  and  results  in  car- 
bon accumulating  in  such  amounts  that  it  fills  all  the  spaces  of  the 
charge  and  an  extraordinary  increase  in  volume  takes  place  whicli 
causes  the  stock  column  to  wedge  between  the  walls,  especially  when 
they  are  only  slightly  sloping,  and  the  column  remains  hanging.  The 
increased  density  and  imperviousness  of  the  charge  retards  the  flow 
of  gas  and  pressure  builds  up  between  the  bottom  of  the  hanging 
part  and  the  top  of  the  descending  column  beneath,  which  also  tends 
to  prevent  the  wedged  part  from  moving. 

The  net  effect  of  the  two  reactions  is  to  give  off  heat  according 
to  the  following  equations: 

(i)  200=C0i-|-C. 

{9)    Fe-t-  00»«FeO-hOO. 
Adding  (i)  and  (5) 

(4)    Fe+ CO  ==FeO+0. 

—29,160— -f  65,700  British  thermal  nnlta 

Therefore  the  net  addition  of  heat  is  36,540  British  thermal  units. 
That  is,  the  ultimate  effect  of  the  process  of  carbon  separation  will 
be  to  increase  the  temperature  of  the  charge  at  the  point  where 
carbon  separation  is  taking  place  until  eventually  the  reaction  ceases 
and  may  even  be  reversed,  and  the  carbon  dissolved  again.  The 
above  process  is  assumed  to  be  taking  place  under  ideal  working 
conditions  in  the  furnace,  which  presumably  never  occur  in  actual 
practice,  and  if  every  reduction  factor  were  correct  carbon  deposi- 
tion would  never  occur  in  amounts  sufficient  to  cause  difficulty.  At 
every  temperature  throughout  the  height  of  the  furnace  there  should 
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be,  theoretically,  that  amoimt  of  carbon  deposited  which  corresponds 
to  equilibrium  between  CO,,  CO,  Fe,  FeO,  and  C,  but  owing  to  the 
high  velocity  of  the  gas  current,  equilibrium  is  probably  seldom 
reached,  and  the  content  of  CO  in  the  blast  furnace  gas  is  always 
higher  and  that  of  the  deposited  carbon  lower  than  would  corre- 
spond to  equilibrium  at  the  various  temperatures  of  the  different 
zones.  

INVKSTIOATZON  BT  IfXTZ. 

Carbon  deposition  is,  for  this  reason,  held  lightly  by  many  fur- 
nace and  technical  men  and  is  not  regarded  as  the  cause  but  rather 
as  an  effect  of  hanging.  In  an  investigation  by  Metz  made  on  a  blast 
furnace  in  Luxemburg,**  the  following  observations  were  made  which 
bear  on  this  theory : 

The  charges  did  not  slide  gradually,  but  intermittently.  The  masses  alter- 
nately lessened  and  compressed,  and  Just  as  intermittently  do  the  gases  stream 
upward,  not  so  much  through  the  mass  as  through  accidentally  formed  chim- 
neys. Since  the  time  of  Bell  the  separation  of  carbon  has  been  regarded  as 
the  cause  of  scafFolds.  If  we  regard  as  correct  the  results  of  the  investiga- 
tion, then  a  separation  of  carbon  is  possible  only  at  temperatures  below  1265** 
F.,  that  is,  only  in  the  upper  part  of  the  blast-furnace  staclc  and  at  a  height 
of  9  to  13  feet  under  the  throat;  then  the  ores  stay  about  3  to  4  hours  in 
the  Eone.  As  has  been  mentioned,  the  charges  slide  intermittently  in  the 
uppermost  xones  of  the  furnace;  the  carbon,  which  settled  on  the  surface 
of  the  oreSy  Is  therefore  partly  blown  oft  by  the  violent  gas  streams  which 
arise  during  the  descent,  partly  pressed  against  the  surface  of  the  ore  frag- 
ments, and  perhaps  partly  used  in  the  direct  reductions  so  that  the  increase 
in  volume  brought  about  by  the  separation  of  carbon  becomes  very  small  after 
the  charges  continue  their  descent  for  a  short  while.  I  am  of  the  opinion  that 
the  separation  of  carbon  is  not  the  cause  of  scaffolds.  It  is,  on  the  contrary, 
the  effect  of  scaffolds  and  it  only  influences  unfavorably  the  condition  thereof. 

If  for  any  reason  an  obstruction  has  been  formed,  then  the  gases  flow  only 
through  channels  of  the  mass.  In  the  remaining  parts  thereof  the  velocity  of 
the  gas  is  but  slight,  and  the  temperature  falls  off  gradually  and  carbon 
separates.  The  mass  grows  thereby  considerably  in  its  volume  and  Is  stni 
more  maintained  in  its  hanging  position.  Here  the  conditions  are  favorable 
for  a  rapid,  almost  gas-tight  obstruction. 

EJECTION   OF  CARBON   DUST. 

Another  argument  against  carbon  deposition  being  a  cause  of 
hanging  is  found  in  the  behavior  of  furnaces  when  they  are  hang- 
ing periodically  aa  top.  When  the  charge  slips,  often  a  cloud  of 
black  smoke  is  ejected,  which  consists  mainly  of  carbon.  By  the 
falling  of  the  stock  owing  to  the  collapse  of  the  arch  the  entire  con- 
tents of  the  furnace  in  the  upper  zones  undergo  considerable  shak- 
ing up,  and  any  carbon  deposited  should  be  blown  out  and  cease  to 
cause  further  trouble.    Yet  in  spite  of  the  burden  material  being 

*Mets,  N.,  Stodlea  flber  die  im  Hochofen  swischen  den  elseneraen  und  Gaeen  obwalten- 
den  TerhJUtniBBe :  Stahl  und  Bisen,  Jfthrg.  ZS,  1918,  pp.  99-104. 
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free  from  carbon  deposit  after  a  eUp,  hanging  niay  persist  and 
grow  worse  after  each  check  and  slip.  This  is  taken  as  indicating 
that  the  carbon,  often  ejected  in  astounding  amounts^  must  have 
formed  after  hanging  developed,  and  that  its  appearance  should 
not  be  confused  or  distorted  into  being  the  cause. 

AMOUNT  OF  CA&BON  DEFOSnXD. 

The  experiments  of  Laudig**  showed  that  the  volume  of  carbon 
deposited  on  Lake  Superior  ores  may  twice  exceed  the  volume  of  the 
ores,  and  that  the  weight  of  carbon  deposited  may  be  50  per  cent 
more  than  that  of  the  oxygen  extracted  from  the  ore.  Such  an  in- 
crease in  volume  is  out  of  all  proportion  to  the  usual  batter  of 
furnace  walls,  and  it  goes  without  saying  that  such  an  action  can 
not  regularly  take  place  in  any  furnace  even  with  the  usual  defects 
in  operation,  as  it  would  make  operation  impossible  or  reduce  prac- 
tice to  the  expedient  of  checking  the  furnace  every  hour  or  every 
40  minutes.  As  all  furnace  operators,  when  not  confronted  with 
scaffolds  at  or  about  the  mantle,  or  with  eroded  inwalls,  manage  to 
get  along  with  only  infrequent  or  minor  slips  or  checks,  except  for 
spells  of  irregular  work,  it  must  be  that  the  amoimt  of  carbon 
normally  deposited  is  small.  Although  carbon  separation  takes 
place  to  a  considerable  extent  in  the  interior  of  an  ore  fragment 
<  when  carbon  monoxide  diffuses  in,  and  may  persist  until  reduction 
is  completed,  the  amount  separated  on  the  surface  can  not  be  equal 
to  the  amount  theoretically  or  experimentally  determined,  becnuse 
the  gas  at  a  given  temperature  is  in  contact  with  the  ore  during 
only  a  small  fraction  of  a  second.  From  the  way  furnaces  work 
when  running  regularly  the  amount  deposited  can  not  be  much  in 
excess  of  the  amount  required  for  carburizing  the  iron,  say  90 
pounds;  for  absorption  by  COj  of  limestone,  say  150  pounds;  for 
direct  reduction,  say  200  pounds;  and  some  indeterminate  portion 
which  may  travel  down  with  the  burden  to  the  lower  zones  of  the 
furnace,  where  at  a  higher  temperature  a  larger  amount  of  carbon 
monoxide  remains  in  equilibrium  with  carbon  dioxide,  and  the  car- 
bon dioxide  again  dissolves  the  carbon.  Altogether  the  quantity 
deposited  according  to  this  hypothesis  should  be  not  more  than 
about  450  pounds  per  ton  of  iron,  whereas,  according  to  experimental 
tests  in  combustion  tubes,  nearly  1,000  pounds  of  carbon  would  be 
deposited  per  ton  of  iron. 

OTHER  THEOBIES  OF  THE  CAUSE  OF, TOP  HANGINa 

This  theory  that  excessive  carbon  deposition  is  the  effect  of  hang- 
ing and  not  the  cause  requires  its  followers  to  furnish  another  cause 

•Laedig,  O.  O.,  Action  of  blast-faniace  gases  upon  Taxious  Iron  ores:  Trans.  Am. 
Inst  Mln.  Eng.,  YOl.  26,  p.  2Q9, 
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for  hanging,  which  is  not  easy.  Top  hanging  cap  not  be  attributed 
to  sticking  in  the  bottom  of  the  furnace,  because  charging  may  be 
stopped  for  an  hour  or  more  while  the  furnace  is  working  normally 
at  the  tuyeres  and  making  cinder,  nor  can  it  always  be  attributed  to 
erosion  or  overcooling  of  the  middle  inwall  from  16  to  30  feet  aboTe 
the  mantle,  because  hanging  and  top  slipping  occur  in  uncooled  fur- 
naces not  eroded  above  the  mantle.  Hanging  has  been  attributed, 
leaving  carbon  deposition  aside,  to  the  formation  of  scaffolds  or 
accumulations  on  the  sides  of  the  furnace.  One  instance  of  such  a 
scaffold  was  seen  where  the  charge,  after  continued  slipping,  hung 
two  hours  and  then  slipped  to  50  feet  below  the  top,  blowing  the  top 
off.  In  examining  the  furnace  from  the  top  a  distinct  scaffold  was 
seen  on  the  45-foot  line,  sloping  at  an  angle  of  45^  ot^er  the  cinder 
notch  and  leaving  an  opening  of  about  10  feet.  The  material  was 
analyzed  after  the  furnace  was  torn  out,  with  the  following  results : 

« 

Results  of  analysis  of  material  from  scaffold. 

CoDBtitnent.  Per  cent. 

SiO 4.11 

Fe 9.  30 

AUO 1 1.38 

Ltxne 2. 26 

KCN 2.  80 

C 49.  29 

A  similar  scaffold  analyzed  as  follows:  Ignition  loss,  52.87  per 
cent ;  SiO,,  8.60  per  cent ;  FcaO,,  16.35  per  cent ;  AljOg,  6.56  per  cent ; 
and  bases,  8.97  per  cent. 

Another  cause  of  hanging  may  be  found  in  the  tendency  of  the  stock 
to  travel  faster  in  the  center  of  the  colunm,  and  for  fine  coke,  stone, 
and  ore  dust  to  accumulate  on  the  sides.  If  the  tendency  becomes 
too  pronounced  there  may  be  lodging  or  wedging  of  the  interior  part 
of  the  column  on  the  slowly  descending  ring  next  the  walls,  as  such 
accumulations  of  tightly  packed  ore,  coke,  dust,  and  lime  have  been 
found  next  the  walls. 

A  theory  infrequently  advanced  is  that  potassium  cyanide  sublimes 
in  the  bosh  and  is  deposited  in  the  cooler  part  of  the  furnace,  where 
it  may,  if  accumulated  in  excessive  amounts,  cement  portions  of 
the  burden  together  and  cause  them  to  congeal  on  the  wall.  Deposits, 
of  this  salt  have  been  found  as  high  as  40  feet  above  the  mantle. 
Another  possibility  is  that  if  the  gas  channels  up  ttirough,  under  a 
gas  offtake  for  instance,  there  are  formed  lumps  of  partly  carburized 
iron,  partly  reduced  ore,  and  slag,  coke,  and  lime  dust,  which  may 
adhere  to  the  side  of  the  furnace.  If  alkaline  salts,  heat,  and  abra- 
sion cause  deep  erosion  of  the  inwall,  this  may  afford  a  foothold  for 
an  arch  to  form  on,  and  thus  easily  induce  hanging. 
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PROBABLE  CAITSE  OF  TOP  HANGINO. 

The  most  apparent  cause  of  top  hanging  is  a  combination  of 
carbon  deposition  in  excessive  amounts  and  of  mechanical  wedging 
independent  of  carbon  deposition.  It  is  possible  that  if,  on  account 
of  irregular  charging,  or  variations  in  the  amounts  charged,  or  in 
materials,  the  reactions  do  not  proceed  properly  and  equilibrium  is 
destroyed,  then  carbon  may  be  deposited  in  excessive  amounts.  This 
deposition  may  conceivably  occur  in  but  one  limited  segment  of  the 
charge,  but  be  sufficient  in  itself  to  wedge  the  adjoining  material 
firmly  in  the  throat  of  the  furnace.  Mechanical  causes,  such  ss 
markedly  uneven  descent  of  charges,  improperly  designed  gas  off- 
takes, channeling,  and  obstructions  or  depressions  in  walls  can 
also  introduce  conditions  productive  of  hanging,  with  c<msequent 
carbon  deposition.  Obviously,  remedies  for  this  condition  are  to  be 
found  only  in  improvements  in  design,  construction,  and  practice. 

COLD  WORKING. 

Top  or  bottom  hanging  should  not  be  confused  with  hanging  and 
slipping  due  to  cold  working.  This  condition  is  simply  the  result  of 
the  furnace  getting  too  cold  from  lack  of  heat  in  the  blast,  over- 
burdening, too  refractory  a  charge  and  insufficient  reduction,  or 
^^cold-bottom"  iron.  In  such  a  case  the  cause  as  well  as  the  remedy 
is  well  known  and  consists  primarily  in  reducing  the  blast  volume, 
which  usually  goes  hand  in  hand  with  increase  of  temperature  or 
lightening  the  burden.  Neither  should  top  or  bottom  himging  be 
confused  with  the  condition  that  arises  when  on  account  of  insuffi- 
cient blast  penetration,  badly  arranged  charges,  or  improper  dump- 
ing of  the  bell,  or  improper  size  of  bell,  a  column  of  material 
forms  in  the  center  of  the  furnace  which  does  not  smelt  as  fast  as 
the  material  nearer  the  furnace  wall.  This  colirain  at  first  may 
consist  of  coke,  but  if  it  persists  it  may  clog  with  cinder  and  dust 
and  become  quite  refractory.  When  such  a  condition  occurs,  imusual 
hanging  may  take  place.  In  these  cases  the  use  of  a  cold  or  light 
blast,  light  burden,  coke  blanks,  or  checking  the  furnace,  does  not 
have  the  desired  effect,  but  the  furnace  conditions  steadily  grow 
worse.  Luckily,  such  occurrences  are  rare.  The  time-honored  expe- 
dient used  to  determine  whether  this  condition  exists  is  to  rapidly 
drive  a  l^-inch  bar  across  the  furnace,  through  a  tuyere,  let  the  bar 
remain  about  20  seconds,  rapidly  pull  it,  and  then  place  a  chalk 
mark  at  the  limits  of  the  cold  center.  The  practice  is  in  some  dis- 
repute, as  it  only  rarely  indicates  the  anticipated  condition.  The 
writer  has  seen  this  test  result  satisfactorily  only  once  in  seven  years* 
work. 
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HAHOXNG  KEA&  THE  CENTRAL  PABT  OF  THX  STACK. 


Hanging  at  the  central  part  of  the  stack  is  usually  due  either  to 
excessive  water  cooling  of  the  inwall  or  to  excessive  erosion  of  brick- 
work at  this  place.  The  erosion  is  due,  probably,  to  abrasion  by  the 
poorly  distributed  stock  as  it  slides  along  the  walls,  softening  of  the 
walls  from  heat,  and  the  attack  of  incandescent  lime  dust  and  alka- 
line salts  on  the  brickwork.  The  most  that  can  be  done  is  to  lessen 
by  good  bricklaying,  better  distribution,  and  shaft  cooling  the  de- 
structive action  of  these  agencies  on  the  ring  of  fire  brick  midway  up 
the  furnace. 

CHABACTBK  01*  BIA8T-FUBKACE  8LXFB. 

After  hanging  has  developed,  sooner  or  later  the  stationary  part 
breaks  away  and  descends  or  falls  into  the  cavity  formed  beneath  it. 
There  is  little  or  no  relation  between  the  violence  of  a  slip  and  the 
duration  or  location  of  the  hanging  that  preceded  it.  A  furnace 
may  be  hanging  in  the  bosh  for  two  hours  and  then  settle  quietly, 
or  may  slip  so  violently  that  the  escaping  gas  from  the  bleeder  makes 
a  terrifying  roar.  Hanging  at  the  top  may  develop  into  a  slip  which 
manifests  itself  only  by  '^ rolling''  of  the  stock  and  large  quantities 
of  dust  carrying  over  into  the  gas,  or  by  the  sudden  ejection  of 
stock  accompanied  with  a  loud  report  resembling  an  explosion^  or 
by  a  momentary  cessation  of  gas  escape  at  the  bleeder,  followed  by 
an  ejection  of  stock  and  gas,  moderate  or  excessive  in  character,  or 
may  partake  somewhat  of  the  characteristics  of  two  or  more  of  the 
above  types.  Sometimes  a  slip  may  occur  with  no  further  hanging, 
or,  on  the  contrary,  it  may  be  followed  by  increasingly  protracted 
hanging  and  more  heavy  slips,  until  finally  the  charge  sticks  so 
firmly  that  ordinary  measures  will  no  longer  sufBce  to  make  the 
furnace  move. 

MECHANISM  OF  TOP  SLIPS. 

If  a  furnace  has  been  hanging  on  top  for  60  minutes,  at  a  point, 
say,  11  feet  below  the  stock  line,  it  is  evident  that  a  cavity  4  to  6 
feet  deep  will  be  formed  beneath  the  stationary  port.  Beneath  this 
cavity  is  a  deep  column  of  somewhat  dense  stock,  permeated  with 
gas  under  pressure,  the  pressure  increasing  toward  the  tuyeres.  As 
the  stock  column  below  the  cavity  beonnes  lower  and  shorter  the 
temperature  and  pressure  of  the  gas  in  the  cavity  will  increase  as 
long  as  blast  pressure  is  maintained;  but  if  the  blast  pressure  is 
reduced  by  checking  the  furnace,  the  pressure  in  the  cavity  will 
slowly  drop  until  it  is  insuffident  to  hold  up  the  overlaying  wedged 
colmnn,  and  the  latter  falls.  If  on  account  of  the  conical  slope  of 
the  furnace  lining  ihe  material  falk  in  a  mass  like  a  plungo*,  the  gas 
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below  13  highly  compressed  by  the  weight  and  velocity  of  the  falling 
charge.'  As  the  compressed  gas  can  not  escape  to  any  extent  or 
quickly  enough  through  the  lower  column,  the  pressure  will  continue 
to  build  up  until  the  gas  bursts  up  through  the  weakest  part  of  the 
falling  column,  carrying  with  it  any  overlying  material.  This  may 
happen  within  two  or  three  seconds,  the  escape  of  gas  resembling  an 
explosion.  The  uprush  takes  place  almost  instantaneously,  and,  find- 
ing easy  relief  at  bleeders  or  explosion  doors,  the  pent-up  gas  bursts 
out  at  the  top,  lights  with  a  roar,  and  coke  and  ore  are  vomited  ud 
vigorously. 

It  is  only  rarely  that  the  wedged  column  can  fall  as  a  solid  mass. 
To  slip  in  this  manner,  the  bottom  of  the  mass  would  have  to  hang 
tightly  together  and  the  brickwork  would  have  to  be  smooth  and 
of  equal  periphery.  As  a  rule  the  hanging  part  starts  to  fall  on 
one  side,  or  piecemeal,  from  the  bottom  to  the  top.  The  former 
condition  is  often  indicated  by  the  stock  line  being  lower  on  one  side 
than  the  other  after  a  slip,  indicating  that  the  gas  has  probably 
broken  through  along  the  walls  and  in  its  escape  has  taken  most  of 
the  ejected  material  from  the  depressed  side.  When  the  hanging 
part  gradually  breaks  away  from  the  bottom  up  the  resulting  ejec- 
tion of  stock  is  less,  owing  to  the  more  gradual  release  in  gas  pres- 
sure. 

As  a  general  rule,  the  higher  the  scaffold  or  hanging,  or  the  higher 
the  temperature  of  gas  in  the  cavity,  or  the  more  suddenly  and  com- 
pletely the  stock  falls,  the  greater  the  expulsion  of  stock.  Also,  the 
finer  the  ores  and  the  greater  the  amoimt  of  coke,  limestone  dust, 
and  fines  the  greater  is  the  expulsion  of  stock.  This  latter  statement 
explains  why  in  former  days  with  use  of  lumpy  ores  these  ores 
allowed  gas  to  escape  throughout  the  cross  section  and  hanging,  and 
explosive  slipping  on  top  was  not  so  prevalent  as  with  the  use  of 
finer  ores.  Because  of  these  various  factors  it  is  evident  that  the  time 
and  duration  of  a  slip  is  somewhat  variable.  For  example,  it  is  well 
known  that  a  furnace  may  slip  10  feet  without  "  spitting,"  whereas 
at  another  time  a  slip  of  10  feet  will  eject  huge  quantities  of  ore  and 
coke. 

MECHANISM  OF  BOTTOM  SLIPS. 

Bottom  slipping  is  indicated  by  burning  -of  gas  from  leaky  blow- 
pipe and  tuyire-stock  joints,  by  incandescent  gas  and  coke  surging 
back  into  the  hot-blast  main  and  filling  the  blowpipes  with  coke,  a 
distinct  shock  or  diaking  of  the  furnace  base  or  foundations,  and 
usually  by  a  more  or  less  sudden  expulsion  of  gas  and  dust  from 
the  bleeder.  The  pressure  in  the  cavity  beneath  a  scaffold  near  the 
bottom  of  a  dfnmaee  is  partly  relieved  when  the  hanging  material 
f  alls^  as  the  gas  escapes  to  some  extent  up  through  the  diarge,  and 
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the  blast  mains  and  stove  afford  a  considerable  reservoir  to  lessen 
the  back  pressure.  As  the  escape  of  gas  mnst  be  up  through  a  con- 
siderable height  of  burden,  the  friction  muffles  or  delays  any  tend** 
ency  toward  an  excessively  violent  outrus^  in  the  upper  part. 

When  an  arch  formed  at  the  bottom  falls,  it  drops  into  a  cup- 
shaped  cavity,  in  contrast  to  the  falling  of  an  arch  higher  up  where 
the  lining  increases  in  inside  diameter  with  each  foot  of  fall.  There- 
fore, although  an  arch  near  ih&  top  may  possibly  hang^  together  in 
part  when  it  falls,  an  arch  in  the  bottom  must  crack  and  collapse 
before  the  overlying  column  can  fall.  However,  when  the  yield 
point  is  reached  in  a  bottom  arch,  the  great  weight  of  burden  above 
makes  the  material  fall  so  suddenly  and  heavily  into  the  empty 
bosh  space  that  the  increase  in  pressure  of  the  gas,  and  the  impact 
on  the  sloping  hearth  walls  may  burst  the  bosh  or  crack  it,  espe- 
cially if  it  is  badly  eroded  and  weakly  banded  or  jacketed.  Top 
slips  never  come  heavily  on  the  bosh,  whereas  bottom  slips  do. 

PBESSXTBE  OENEBATEP  BY  SUPS. 

• 

When  the  high  pressure  from  top  or  bottom  slipping  ejects  tre- 
mendous quantities  of  material,  if  explosion  doors, are  provided,  or 
as  has  occurred,  throws  out  or  displaces  bells  and  hoppers,  and 
resembles  an  explosion  within  the  furnace,  it  is  sometimes  difficult 
not  to  believe  that  an  explosion  has  occurred.  Since  1901,  when  fur- 
naces were  first  built  without  explosion  doors  and  of  sufficient 
strength  to  withstand  the  maximum  blast  pressure  at  any  point, 
many  furnace  men  have  come  to  believe  that  explosive  slips  are 
merely  the  result  of  physical  forces,  that  is,  the  release  of  pressure 
pent  up  by  the  falling  column  of  stock. 

METHODS  OF  GALCXJLATINQ  FBESSURB. 

The  force  which  may  theoretically  come  into  play  from  a  heavy 
slip  is  as  follows :  Assume  that  a  90-foot  furnace  with  the  stockline 
at  14  feet  is  hanging,  and  that  after  1^  hours  or  more  a  cavity  9 
feet  in  depth  has  formed  at  the  34- foot  line.  The  overlying  column 
is  therefore  20  feet  deep,  with  an  average  diameter  of  17  feet,  thus 
containing  4,540  cubic  feet,  or  490,320  pounds  of  burden  material. 

The  problem  resolves  itself  into  finding  the  maximum  pressure 
produced  by  the  column  falling  into  the  cavity  like  a  solid  plunger 
or  cylinder.  Any  pressure  drop  from  the  escape  of  gas  due  to  the 
slope  of  the  walls  and  leakage  up  the  sides  and  through  the  burden 
as  the  cylinder  falls  is  disregarded  in  order  that  the  maximum  pres- 
sure from  the  velocity  of  fall  and  weight  of  material  cojgapressijig 
the  gas  may  be  calculated.  '    'J  ^ 

The  weight  per  cubic  foot  of  burden  material  may  be  calculated  §s 
follows :  Three  hundred  pounds  of  ore  equals  2  cubic  t^U  150  pounds 


200         BLAST-FURNACE  BBBAKOUTS,  EXPLOSIONS,  AND  SLIPS. 

of  coke  equals  5.9  cubic  feet,  75  pounds  of  stone  equals  0.7  cubic  foot, 
whence  64  pounds  of  burden  equab  1  cubic  foot  The  initial  gas 
pressure  in  the  cavity  may  be  taken  as  3.5  pounds  per  square  indi. 
As  the  cylinder  falls  the  point  of  maximum  pressure  will  be  where 
the  work  done  by  the  cylinder  produces  a  force  equal  to  the  resultant 
upward  force  exerted  by  the  compression  of  the  gas  in  the  contracted 
cavity.  Consider  an  area  1  square  foot  in  section.  The  work  done 
by  the  falling  weight  equals  the  work  done  by  the  ga& 

Work  done  by  the  gas^  '  n-^i*  '' 

Piainitial  proBBure. 

Pjspreflsure  resalting  from  faU  of  cylinder. 

Vi=initial  volume. 

V^avolume  resulting  from  fall  of  cylinder. 

na>ad]al>atic  coiistanta>1.407 

Wasweight  of  column  A  per  square  foot  at  bottom. 

X^distance  of  fall, 

Vi=l  X  9=9 

P,-3.5X144«604. 
**iVi«4536 
n-l«0.4 

V,i^9-jr 
P3V,-Pa(9-X) 

Pa(VJ"-Pi(VO- 
604X9».* 

5(HXS»'*XC9-X)    ^^ 
WX«»Pa(9-X)->4536  (9-3ry**       "^'^ 

0.4  **  0.4 

0.4WX.50g|^i.4536 
^•-^WX-^5P,-4536 

The  total  weight  in  the  colunm  is  4,540x64—290,660  pounds,  or 
1,142  pounds  per  square  foot  at  the  base  of  the  column.    Hence 

456.8X«g/Q_j4»^v5  4'*4536. 

By  trying  various  numbers,  4,  5,  6,  etc.,  the  value  for  X,  the  dis- 
tance fallen,  can  be  closely  approximated,  the  true  value  being  such 
that  when  it  is  substituted  in  the  above  equation  both  sides  are 
equivalent  or  equal.  Six  feet  is  a  close  approximation  of  the  distance 
at  which  the  resultant  forces  acting  upwards  and  downwards  should 
bring  the  plunger  at  rest.  To  find  the  pressure  in  the  cavity  at  this 
point  the  following  calculation  is  necessary: 

Let  X = distance  of  plunger  from  bottom  of  cavity. 
Y = pressure  in  pounds  per  square  inch. 

Then  X*-*  y = constant,  at  any  point  in  the  fall. 

Ji  X^9  and  Y* «3.5  at  the  instant  the  plunger  starts  to  fall,  then 
X*-* F « 75.869 « a  constant,  during  the  fall..  Values  for  Xand  Y 
are  given  in  the  following  table : 


BLAST-FUBNACB  fiUFB. 


201 


Vahie$/or  X  and  T. 


X. 

Y. 

X. 

r. 

X. 

Y. 

9 

S.5 

8.0 

8.17 

3 

18.  as 

&6 

S.79 

6.0 

«.97 

2.5 

21.03 

8 

4.33 

6 

7.97 

a 

38.75 

7.5 

laa 

4.6 

9,M 

1.8 

43.00 

7.0 

198 

4 

10.80 

1 

75.86 

0.& 

$.82 

8.6 

18.13 

.6 

aoQia 

From  the  above  table  it  is  apparent  that  the  maximum  pressure 
will  be  at  a  point  8  feet  from  the  bottom,  which  corresponds  to  a 
pressure  of  16.3  pounds. 

The  same  method  can  be  applied  to  a  bottom  or  bosh  slip  as  fol- 
lows: Assume  that  the  charge  is  hanging  at  the  top  of  the  bosh.  The 
volume  of  the  column  is  14,000  cubic  feet,  corresponding  to  a  weight 
of  material  of  840,000  pounds.  The  weight  per  square  foot  at  the 
bottom  will  be  2,211  pounds.  With  the  blast  checked,  the  pressure 
in  the  cavity  may  be  considered  as  reduced  from  20  to  12  poimds  per 
square  inch,  or  1,728  pounds  per  square  foot. 
Then: 

Vj=l4 

Pi=1728 
P,V,=2192 
ii-l»0.4 

V,«14-X 
P^Va-PaCU-X) 

P2(Va)«-PxW 
p     1728X14'-* 
^«*(14-J0^ 

1728X14^*X(9-X) 
----    P,(14-X)--24192  (14~X)'-* 


24192 


0.4 

0.4WX«^iyi!?;,f -24192 


884.4X= 


(14 -X/ 
•9,477.4 


24192. 


By  a  series  of  approximations  it  is  found  that  when  X,  the  dis- 
tance of  fall,  equals  6  feet,  that  both  sides  of  the  equation  are  nearly 
equaL  Calculating  the  pressure  at  this  point  by  means  of  the  equa- 
tion X^** J'=constant,  it  is  found  that  with  X  taken  at  9  feet  from 
the  bottom,  T^  is  equal  to  22.3  pounds. 

The  same  method  may  be  used  to  calculate  the  ideal  or  theoretical 
pressure  under  any  combination  of  circumstances.  It  is  to  be  noted 
that  the  pressures  thus  indicated  are  of  necessity  higher  than  the 
actual  conditions  can  possibly  cause.  The  calculated  value  may  be 
taken  as  that  beyond  which  the  pressure  may  not  be  expected  to 
mount  under  any  combination  of  circumstances  for  a  given  point 
of  hanging  in  the  stack,  height  of  arrested  column,  and  depth  of 
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cavity.  It  is  to  be  noted  that  the  maximum  pressure  in  the  two  cases 
illustrated  is  more  than  the  pressure  per  square  foot  at  the  bottom 
of  the  wedged  column.  This  explains  adequately  why  sometimes  the 
entire  furnace  contents  from  the  point  where  the  hanging  develops 
is  shot  out  of  the  top*  This,  as  far  as  is  known,  has  occurred  only 
where  the  bell  and  hopper  have  been  insufficiently  tied  in,  or  where 
an  excessive  area  of  explosion  doors  is  provided  at  the  gas  offtakes. 
If  an  easy  vent  is  provided,  then  the  entire  furnace  contents  may  be 
lifted  bodily  by  the  excess  pressure.  If  the  gas  can  escape  only 
through  one  to  three  bleeders  of  limited  capacity  and  through  the 
downcomer,  then  the  throttling  effect  gives  time  for  the  gas  to 
escape  and  for  the  pressure  in  the  cavity  to  drop  without  an  excessive 
amount  of  the  burden  being  blown  out  by  the  gas. 

XITBNACE  DESIGN  FOB  BELIEVINa  PBESSTTBE  FBOM  SLIPS. 

From  the  records  of  burst  boshes,  split  furnace  shells,  and  blown- 
off  tops  at  slips,  it  is  evident  that  if  the  physical  theory  of  explosive 
slips  is  correct,  a  burst  bosh  or  a  split  shell  results  from  the  fact 
that  at  the  point  of  maximum  pressure  the  bosh  reinforcement,  or 
the  shell  and  its  lining,  offers  less  resistance  to  the  escape  of  the 
built-up  gas  pressure  than  do  the  columns  of  overlying  and  under- 
lying stock,  and  consequently  the  pressure  bursts  this  barrier  rather 
than  the  one  offered  in  the  columns  of  burden  material.  As  regards 
the  blown-off  tops,  if  the  bell  and  hopper  weigh  15  tons,  and  have 
an  area  of  200  square  feet  sealing  the  top,  then  a  pressure  of  1^ 
pounds  per  square  inch  will  be  sufficient  to  counterbalance  the 
weight  of  the  bell  and  hopper,  and.  a  slightly  higher  pressure  should 
suffice  to  blow  it  out  if  it  is  not  bolted  or  tied  in.  If  the  pressure 
of  the  gas  under  the  bell,  as  the  result  of  a  slip,  should  be  as  much 
as  10  pounds  per  square  inch,  a  total  lifting  pressure  of  approxi- 
mately 130  tons  would  be  exerted  on  the  bell  and  hopper.  Origi- 
nally the  bell  and  hopper  were  simply  set  in  the  brickwork  at  the  top 
of  the  furnace.  From  the  fact  that  they  were  frequently  displaced 
by  even  small  slips,  and  sometimes  fell  into  the  furnace  on  account 
of  failure  and  collapse  of  the  brickwork  from  erosion  at  the  stock 
Une,  various  expedients  were  resorted  to,  the  four  chiefly  used  being 
as  follows:  (1)  Tying  the  bell  and  hopper  in  by  rods  and  washer 
plates  embedded  about  16  feet  in  the  brickwork;  (2)  placing  I-beams 
across  the  furnace  top  and  resting  the  bell  and  hopper  on  them, 
these  being  bolted  to  the  beams  or  held  down  with  washer  plates; 
(3)  riveting  brackets  to  the  shell,  bolting  a  top  or  bull  ring  to  the 
bracket,  and  bolting  the  hopper  and  bell  to  the  bracket  ring,  wadier 
anchor  plates  being  sometimes  used  in  addition;  and  (4)  contracting 
the  top  two  rings  of  the  furnace  shell  or  jacket,  riveting  or  bolting 
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a  cast-steel  ring  to  the  top  of  the  shelly  and  securing  the  hopper  and 
bell  to  this  ring.  The  fourth  method  is  now  standard  construction. 
With  this  construction,  many  still  think  it  necessary  to  provide 
one  or  two  bleeders  at  the  top  gas  offtakes  to  relieve  excessive 
gas  pressure,  and  this  is  a  reasonable  precaution.  A  few  plants, 
however,  have  bleeders  of  the  butterfly-valve  type  which  will  not 
open  automatically  in  event  of  a  slip,  but  must  be  opened  by  hand 
if  relief  is  desired.  A  few  have  bleeder  valves  which  are  forced 
against  their  seats  by  any  rush  of  gas,  no  relief  being  afforded 
whatever. 

Mitigation  of  the  dangerous  results  of  blast-furnace  slips  can  be 
provided  for  only  by  adhering  to  the  physical  theory  of  the  origin 
of  explosive  slips  and  constructing  the  furnace  to  conform  with  this 
belief. 

THEORIES  OF  THE  EXn.0Sr7S  CHAEACTSB  OF  8IJF& 

Those  imable  to  find  an  explanation  in  the  physical  theory  for  the 
violence  of  some  slips  have  attributed  the  apparent  explosion  to  in- 
tensdve  oxidation  reactions.    These  theories  will  be  discussed  briefly. 

COMBUSTION  OF  FINELY  DIVIDED  COKE  AND  OBE. 

Van  Flotten  »  attributes  the  explosion  to  the  intense  carbon  monox- 
ide evolution  caused  by  the  intimate  mixture  of  finely  divided  glowing 
ore  and  carbon  according  to  the  equation,  Fe804+3C=3FeO-}-8CO. 
He  reproduced  the  conditions  inside  the  furnace  by  putting  fine  ore 
and  coke  dust  separately  into  two  tubes.  These  were  inserted  in  a 
larger  tube,  which  was  sealed  and  brought  to  a  bright  red  heat 
The  materials  were  then  mixed  by  placing  the  large  tube  in  a  ver- 
tical position.  When  this  was  done  a  gage  attached  to  the  tube 
showed  a  pressure  of  60  pounds  within  a  few  seconds,  and  on  a  stop- 
cock being  opened  there  was  ejected  a  thick  dark  dust  cloud  as  at 
furnace  slips. 

A  pressure  of  60  pounds  is,  of  course,  sufficiently  high  to  explain 
the  destructive  results  which  have  attended  some  slips.  Van  Flotten 
refers  to  the  theory  of  carbon  deposition  and  the  wedging  of  burden 
in  the  furnace,  which  he  considers  sufficiently  well  proved  by  circum- 
stantial evidence,  to  account  for  the  conditions  that  may  give  rise  to 
accumulations  of  red-hot  fine  ore  and  carbon  dust  in  the  furnace. 
As  these  materials  stick  in  the  furnace,  they  absorb  heat  and  may 
become  bright  red,  and  when  a  slip  occurs  and  they  are  precipitated 
into  the  lower  and  hotter  part  of  the  furnace  reaction  sets  in.  Van 
Flotten  considers  that  the  use  of  fine  or  friable  ores,  or  friable  coke, 

•  Van  Flotten,  W.,  Die  Exploslonoi  belm  Stanen  der  Gichten  Im  Hochoten :  Stahl  and 
Eiaen,  Jahrg.  28,  1908,  p.  1016. 
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is  disadvantageous  because  these  promote  the  formation  of  scaffolds 
as  well  as  the  Tiolenoe  of  the  reaction. 

COMBUSTION  OF  DBPOSrTBD  CABBON  BY  GABBON  DIOXIDB. 

Reaction  between  carbon  and  carbon  dioxide,  with  formation  of 
carbon  monoxide,  according  to  the  equation,  C+C02=2CO,  ob- 
viously takes  place  with  double  increase  of  gas  volume  and  is  supposed 
to  be  accelerated  by  some  catalytic  agent  Simmersbach '  possibly 
first  advanced  this  theory.  If  it  be  assumed  tiiat  a  furnace  is  hang- 
ing and  that  the  stock  in  the  upper  part  of  the  furnace  is  impreg- 
nated with  carbon,  then  when  the  furnace  slips  the  finely,  divided 
carbon  falls  with  the  burden  into  a  deeper  and  hotter  zone,  where 
it  will  jar  loose  in  great  part  and,  as  a  separate  body,  quickly  attain 
the  surrounding  high  temperature,  bec(Hne  intimately  mixed  with 
carbon  dioidde,  and  react  to  form  carbon  monoxide,  thus  generating 
two  volumes  of  gas  from  one.  This,  Simmersbach  holds,  is  the  cause 
of  explosions  at  slips,  reasoning  back  from  the  phenomena  he  had 
observed  at  several  slips.  The  objection  to  each  of  the  oxidation 
theories  is  that  they  comprise  reactions  which  take  place  in  any 
normally  working  furnace,  are  incident  to  the  process,  and  take 
place  every  minute  without  explosive  violence.  In  fact,  if  this  were 
not  so  it  would  be  impossible  to  blow  in  and  run  a  furnace  without 
its  exploding.  Both  reactions  take  place  with  an  absorpticm  of  Jieat 
as  follows: 

(1)  Fe.0*-}-C=3  FeO+CO 

—270,800=  +3  X  65,700+29,160  calories. 
Net  heat  requlrement= 44,540  calories. 

(2)  C+CO,=2CO 

—07,200=  +2X29,100  calories. 
Net  heat  requirement =38,880  calories. 

As  a  general  rule,  an  explosion  can  not  take  place  by  chemical 
means  while  heat  is  being  absorbed,  and  the  above  reactions  can  take 
place  only  when  heat  is  Jed  in  from  the  outside.  The  conditions  at- 
tending an  explosion  of  coal  dust  in  a  mine  or  of  grain  dust  or  wood 
dust  in  a  mill  are  different  from  those  in  a  blast  furnace,  because 
in  the  former  the  dust  combines  with  oxygen,  with  an  evolution  of 
heat,  which  fulfills  the  conditions  necessary  for  an  explosion,  because 
a  chemical  reaction  takes  place  in  which  the  formation  of  gas  is 
simultaneous  with  liberation  of  energy,  the  gas  phase  transforming 
heat  energy  into  volume  or  work  energy.  In  addition,  there  is  a 
tremendous  acceleration  in  propagati(»i  velocity,  a  prc^essive  rise 
in  flame  temperature,  and  thereby  an  excessively  rapid  increase  in 
gas  volume,  which  accounts  for  the  destructive  results  of  such  ex- 

•  Simmersbftcb,  Oscar,  Uebcr  die  durch  das  HSngen  dsfr  Oichtea  Teranlasstra  Hochofen- 
explosionen :  Stahl  und  Elsen,  JaUrg.  23,  1903,  pp.  922-92& 
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plosions.  Que  can  not  find  any  charactericitic  reaction  in  the  blast 
furnace  api)roaching  these  requirements.  An  accelerated  explosion 
temperature,  or,  in  fact,  any  generation  of  heat  to  give  an  explosion 
temperature,  is  absent,  because  the  heat  of  explosion  is  the  heat  set 
free  divided  by  the  specific  heat  of  the  products,  and  in  both  of  the 
above  reactions  no  heat  is  liberated.  This  should  suffice  to  con* 
tradict  the  theory  of  accelerated  oxidation. 

ADMISSION  OF  AIB  TO  SPACES  ABOVE  THE  HANGING  STOCK. 

The  fact  that  }ust  before  a  slip  occurs  there  may  be  a  decided 
diminution  or  stoppage  of  flow  of  gas  from  the  bleeder,  or  even  an 
apparent  sucking  of  air,  followed  by  an  explosion,  has  led  many  to 
attribute  such  explosions  to  mingling  of  air  with  gas  or  fine  carbcHi. 
In  one  instance  an  explosion  door  42  inches  in  diameter  was  kept 
open  at  the  top  of  a  gas  offtake  of  the  ^'  castle  type ''  pending  a  slip 
and  this  allowed  air  to  be  sucked  in  when  the  slip  occurred.  The 
mixture  of  air  and  gas  exploded  on  top  of  the  stock  line  and  dis- 
placed the  bell  and  hopper.  This  explosion  was  almost  simultaneous 
with  the  furnace  slip  and  could  very  easily  have  been  confused  with 
it  A  gas  explosion  on  top  of  the  stock  line  can  not  expel  ore,  is 
very  different  from  so-called  explosions  at  slips,  and  is  likely  to  be 
so  much  more  serious  in  results  that  it  is  safe  to  say  that  when  such 
an  explosion  occurs  the  operators  will  recognize  it.  The  theory 
has  been  much  elaborated,  the  assumption  being  made  that  when  a 
furnace  hangs  at  the  bottom,  and  slips,  the  entire  stock  column  does 
not  fall,  but  that  the  upper  part  remains  hanging.  Beneath  this 
stationary  part  tiie  falling  part  tends  to  produce  a  cavity  with  a 
vacuum  into  which  air  is  drawn  or  sucked  down  through  the  over- 
lying column.  As  soon  as  the  hot  combustible  gases  force  their  way 
from  beneath  the  falling  column  into  this  air-filled  cavity  an  ex- 
plosion takes  place  with  its  usual  effects.  For  obvious  reasons  this 
theory  has  never  received  any  credence. 

A  less  incredible  theory  assumes  that  with  pronounced  sticking 
the  required  amount  of  gas  does  not  come  back  into  the  furnace  to 
fill  the  empty  space  created  when  the  chaige  slips,  and  that  air  ruslies 
m  through  crevices  in  the  top  and  about  loose  valves  to  form  an 
explosive  mixture  under  the  bell.  The  assumption  is  also  made  that 
this  gaseous  mixture  will  diffuse  with  the  scanty  gas  and  may  pene- 
trate down  deep  into  the  stock,  because  it  should  not  ignite  until  an 
ignition  temperature  of  1,100°  F.  is  reached,  and  in  this  assumption 
explanation  is  found  of  the  throwing  out  of  ore  and  the  sometimes 
almost  incredible  force  of  the  explosion.  Explosions  of  gas  and 
air  in  the  top  of  the  furnace  may  and  do  occur,  but  that  such  an  ex- 
plosion can  eject  tons  of  ore  and  coke  into  the  dust  catcher,  or  out  of 
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explosion  doors,  is  difficult  to  believe,  because  the  force  ejecting  the 
stock  must  originate  beneath  the  surface  of  materials  in  the  furnace. 
It  does  not  seem  reasonable  that  an  explosion  of  gas  on  top  of  the 
stock  can  explode  gas  beneath  the  top,  nor  thnt  air  can  diffuse  down 
into  material  through  which  gas  is  rising,  or  which  is  wedged  so 
tightly  that  gas  under  pressure  can  penetrate  it  oidy  with  difficulty. 

ADMISSION    OF   AIR   TO    SPACES   BENEATH    ARCHED   STOCK   AT   BOTTOM  OF 

FURNACE. 

Occasionally  one  sees,  hears  of,  or  reads  of  a  scaffolded  furnace  in 
which  an  arch  has  formed  in  the  upper  part  of  the  bosh.  The 
space  beneath  a  scaffold  at  the  top  of  a  16  by  22  by  13  foot  bosh  is 
3,720  cubic  feet,  and  the  burden  in  this  space  would  contain  about 
100,000  pounds  of  coke,  which  at  the  rate  of  750  pounds  per  minute 
would  completely  bum  out  in  2}  hours,  assuming  that  the  material 
remained  bridged  at  the  top  of  the  scaffold  and  that  the  furnace  was 
blown  at  an  undiminished  rate.  If  such  conditions  should  occur 
and  the  bosh  be  entirely  empty,  or  contain  aoly  a  small  amount  of 
coke  at  the  bottom  through  which  the  blast  channels,  this  combi- 
nation of  circumstances  might  give  rise  to  an  explosion.  It  has  been 
assumed  that  wedging  at  the  top  of  the  bosh  is  partly  due  to  an 
excessive  accumulation  of  fine  carbon  which  traveled,  imdissolved, 
from  the  top  of  the  furnace  to  the  bodi,  and  that  when  by  a  slip 
tljis  pulverent  carbon  was  carried  into  the  bosh,  being  full  of  air 
and  incandescent,  it  burned  explosively,  thus  producing  all  the 
results  which  give  rise  to  so-called  explosions  at  slips.  A  fev 
instances  in  which  the  explosion  blew  the  bell  and  hopper  off  and 
emptied  the  furnace  down  to  the  top  of  the  bosh  or  lower  seem  to 
give  credence  to  this  theory.  Against  its  plausibility  is  advanced  the 
trouble  experienced  in  anthracite  practice,  when  the  coal  decrepi- 
tated and  filled  the  furnace  from  top  to  bottom  with  fine  carbon, 
ran  out  of  tuyere  openings  when  the  tuyeres  were  changed,  and 
caused  much  trouble  from  scaffolding  and  hanging.  So-called  ex- 
plosions, however,  did  not  occur  even  with  this  excessive  carbon 
dust.  An  experience  may  be  cited  where  the  existence  of  an  arch 
across  an  empty  bosh  was  conclusively  known,  and  on  blowing  cold 
air  for  nearly  an  hour  the  furnace  dipped  very  easily,  with  little 
lifting  of  explosion  doors.  If  it  is  considered  that  in  such  a  bosh 
cavity  there  can  be  not  over  300  pounds  of  air,  or  69  pounds  of 
oxygen,  which  would  at  best  bum  explosively  only  50  pounds  of 
carbon,  that  all  experience  unites  in  recording  only  a  prcmounced 
thud  or  jar  when  the  scaffold  falls,  and  that  eliminating  excessive 
area  of  explosion  doors  and  consequently  throttling  the  gas  has 
stopped  ejection  of  stock  to  the  40  and  50  foot  line,  to  say  nothing  of 
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emptying  to  the  bosh,  then  the  plausibility  of  this  theory  of  explo- 
sion becomes  remote.  That  there  is  oftentimes  free  oxygen  beneath 
bosh  scaffolds  and  arches  is  true,  but  that  it  does  more  than  to  bum 
out  carbon  or  c(^e  in  the  bridged  stock,  induce  smelting  to  begin  in 
the  ardb,  and  open  up  cracks  by  which  it  eventually  drops,  is  not 
likely.  Some  of  the  most  severe  and  explosive  slips  seen  have  ap- 
parently had  their  origin  at  points  20  to  80  feet  above  the  mantle,  or 
40  feet  below  the  top,  and  it  is  difficult  to  imagine  how  any  free 
oxygen  could  find  its  way  up  to  this  point  in  the  furnace. 

skappel's  theort. 

Another  theory  concerned  with  explosion  phenomena  is  as 
follows :  * 

For  some  cause  hanging  develops,  the  under  charges  melt  down,  and  then 
a  gas-filled  cavity  develops,  which  may  be  considered  to  contain  26  per  cent 
carbon  monoxide.  If  now  the  charges  fall,  the  gases  wiU  be  strongly  com- 
pressed and  mixed  with  catalytic  substances,  thereby  the  reaction  velocity  of 
2CX)=C02+C  will  increase  greaUy,  in  virtue  of  the  reaction  heat  the  tem- 
perature increases  from  the  pressure,  and  consequently  the  reaction  velocity 
again.  Further,  the  separated  carbon  works  as  a  catalytic  agent  accelerat- 
ingly  on  the  reaction,  so  that  it  augments  itself  into  an  explosive  character. 
These  effects  add  themselves  to  those  of  mechanical  compression  of  gas  under 
the  falling  charges,  thus  generating  a  tremendous  gas  pressure  which  under 
certain  conditions  may  blow  the  furnace  shell  open;  that  a  black  cloud  is 
noted  at  blast-furnace  explosions  (sUps)  agrees  most  favorably  with  the 
above  explanation. 

The  above  theory  is  diametrically  opposite  to  that  of  the  forma- 
tion of  carbon  monoxide  from,  carbon  and  carbon  dioxide.  It  finds 
its  basis  in  the  fact  that  the  oxidation  of  CO  to  CO2  and  C  takes 
place  with  evolution  of  heat  and  largely  ignores  the  fact  that  it 
takes  place  with  volume  decrease  and  that  it  must  stop  at  a  certain 
temperature  and  increase  in  concentration  of  CO3.  It  is  included 
as  illustrative  of  the  divergent  conclusions  arrived  at  when  theory  is 
too  enthusiastically  relied  upon  to  account  for  facts. 

CONCLUSIONS  AS  TO  CAUSES  OF  SUPS. 

The  explanations  for  explosive  slips  discussed  in  the  preceding 
pages  are  largely  of  historical  interest,  and  are  a  product  of  the 
period  through  which  furnace  men  struggled,  when  with  increas- 
ingly finer  ores  and  demand  for  greater  tonnage  slips  assumed  an 
increasingly  destructive  character.  That  furnace  men  were  not  satis- 
fied with  an  explanation  based  upon  simple  physical  facts  but  con- 
tinued to  search  for  obscure  reasons  for  violent  slips  is  possibly  diffi- 
cult for  those  unfamiliar  with  furnace  phenomena  to  imderstand. 

•  Skappel,  n.,  Discnnion  of  Van  Flotten*8  papers  on  "  Die  Bzplosionen  belm  Stttraen 
der  Giditen  im  Hochofen  " :  Stahl  und  Bisen.  Jahrg.  29,  1900,  p.  214. 
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Those  who  have  had  experience  with  stubbornly  hanging  fumaoes 
and  the  accompanying  slips  will  find  no  difficulty  in  realizing  the 
state  of  mind  of  their  predecessors  in  the  profession  and  their  earnest 
efforts  to  establish  an  acceptable  theory  on  the  basis  of  which  they 
could  proceed  to  make  improvements  and  dianges  in  design,  con- 
struction, and  practice. 

The  physical  theory  was  first  formulated  by  Van  Flotten,  in  1892, 
who  said,  ^  If  the  upper  hanging  column  faUs,  the  gas  in  the  cavity 
will  be  strongly  compressed ;  it  can  not  escape  from  beneath  quickly 
enough,  and  in  breaking  through  the  weakest  part  of  the  arch  and  in 
creating  a  passage  the  overlying  parts  come  out  with  it."  Not  until 
1901  were  furnaces  built  upon  this  theory.  A  furnace  in  Illinois 
was  designed  and  built  by  Julian  Kennedy  with  a  tight  top,  and 
since  that  time  his  design  has  been  increasingly  widely  followed. 
Some  furnace  men  still  are  inclined  to  believe  that  explosdve  slips  may 
be  due  to  the  sudden  generation  of  gas.  They  point  to  the  fact  that  an 
explosion  occurs  at  a  breakout  of  iron  into-  water,  which  introduces 
reactions  requiring  heat,  and  that  although  reactions  which  are  sup- 
posed to  produce  explosions  take  place  normally  in  a  furnace,  they 
proceed  too  slowly,  on  account  of  their  heat  requirements,  to  prodn« 
a  pressure  increment.  This  failure  to  react  explosively  under  or- 
dinary conditions  is  because  the  heat  necessary  for  the  reaction  is  led 
in  so  slowly  that  it  never  becomes  available  quickly  enough  to  oiuse 
explosive  combustion;  but  if  this  necessary  heat  becomes  available 
almost  instantly,  as  it  is  claimed  to  occur  at  a  slip,  then  the  explosion 
will  and  does  occur.  Dynamite,  burning  quietly  by  ignition  but  ex- 
ploding by  shock,  is  also  cited  as  an  analogous  illustration  of  how 
an  explosive  tendency  may  be  accelerated  when  a  slip  occurs.  As 
it  has  not  been  demonstrated  that  certain  types  of  explosions  can  not 
occur,  the  subject  will  be  concluded  with  the  statement  that  develop- 
ment of  design  and  construction  based  upon  the  physical  theory  has 
afforded  almost  complete  freedom  from  blown-off  furnace  tops,  and 
has  also  given  increasingly  more  regular  work,  less  terrific  and  less 
frequent  slips,  and  a  marked  decrease  in  the  hazard  from  injuries 
from  these  causes. 

PBEVENTION  OF  HABTODTa  AND  SIIPPINa. 

Where  the  subject  of  hanging  and  slipping  is  treated  from  purely 
physical  and  mechanical  aspects,  leaving  aside  theories  of  chemi- 
cal reaction^  causing  explosions  at  slips,  one  inunediately  begins 
to  find  reasons  for  improvements  effected  and  the  paths  along  which 
future  improvements  may  be  expected.  Keeping  in  mind  the  facts 
of  hanging  due  to  wedging,  arching,  and  bridging  on  account  of 
mechanical  obstructions  or  excessive  carbon  deposition  induced  by 
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local  irregularities,  the  principal  items  which  cause  hanging,  and 
oonsequ^itly  slipping,  are  as  follows: 

1.  Construction  and  design. 

(a)  Belation  of  size  of  bell  to  stock  line. 
(6)  Distribution  of  materials  in  the  furnace. 

(c)  Contour  or  lines  of  furnace. 

(d)  Preservation  of  lines  and  linings. 

(e)  Inferior  brick  and  bricklajing. 
(/)  Location  of  gas  offtakes. 

(g)  Distribution  of  blast 

2.  Materials. 

(a)  Physical  condition  of  ores. 
(6)  Structure  of  coke. 

(c)  Size  and  cleanliness  of  coke  and  flux. 

(d)  Irregularity  in  materials. 

(e)  Insufficient  slag  volume  from  materials 

3.  Practice. 

(a)  Insufficient,  excessive,  or  varying  blast  volume. 

(b)  Tuyeres  of  unsuitable  length  or  diameter. 

(c)  Improper  charging. 

(d)  Excessive  water  cooling  of  lining. 

(e)  Unsuitable  slag  composition. 
(/)  High  heat. 

(g)  Water  leaks  or  excessively  varying  moisture  oont^it. 
It  is  not  possible  to  prepare  a  description  of  design,  construction, 
selection  of  materials,  or  practice  covering  »ich  a  variety  of  factors  as 
the  above,  which  can  be  of  universal  application  over  the  wide  range 
of  ore  mixture,  cokes,  fluxes,  and  grades  of  iron  that  characterizes 
the  blast-furnace  industry  of  this  country.  The  following  discussion 
primarily  applies  to  practice  on  Lake  Superior  ores. 

DESiaN  OF  BELL  AND  BELATION  TO  STOCK  LINE. 

The  relation  between  the  diameter  of  the  bell  and  that  of  the 
stock  line  is  held  .within  close  limits  at  present.  Not  many  years  ago 
there  was  a  wide  variation,  as  is  shown  below. 

Variation  in  rdation  hetween  diameter  of  hell  and  of  stock  line. 
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Some  plants  used  a  narrow  bell  witii  the  idea  of  preventing  the 
accumulation  of  fine  material  next  to  the  lining,  while  those  using 
a  wide  bell  claimed  that  such  a  bell  did  place  the  greater  propor- 
tion of  fines  next  to  the  walls  and  thereby  prevented  channeling  next 
to  the  lining,  and  cutting  of  the  brickwork  by  excessive  localized 
reduction  and  melting.  The  main  objection  to  placing  fines  next 
to  the  walls  was  that  the  fine  ores,  stone,  and  coke  dust  would  be- 
come semifused  in  the  course  of  their  descent  and  stick  to  the  lining, 
giving  rise  to  scabs  and  scaffolds.  To  support  this  belief  was  the 
fact  that  many  furnaces  using  a  relatively  large  bell  experienced 
severe  slips,  accumulation  of  scabs,  and  cutting  of  lining. 

Smaller  bells,  however,  gave  no  marked  improvement,  and  so- 
called  distributor  devices  were  introduced.  These  consisted  of  de- 
flector rings,  cylindrical  or  conical,  placed  outside  of  and  extending 
below  the  hopper  extension  to  a  point  below  the  lowest  position  of 
the  beU  when  open.  Some  variations  of  the  distributor  were  an 
annular  casting  which  could  be  raised  or  lowered  at  predetermined 
charges  in  order  to  distribute  the  ore  alternately  against  the  walls 
or  in  a  ring  away  from  the  walls,  or  cutting  out  of  alternate  seg- 
ments of  the  deflector  ring  to  allow  certain  parts  of  the  discharge 
from  the  periphery  of  tiie  bell  to  go  to  the  walls  while  the  adjacent 
parts  were  deflected.  In  most  instances,  such  modifications  of  the 
bell  afforded  relief  from  excessive  and  heavy  slipping,  erosicm,  and 
scaffolding,  but  at  the  expense  of  some  oth^  desirable  feature  of 
practice,  usually  in  higher  fuel  consumpticm  and  decreased  tonnage^ 
even  if  the  walls  were  kept  clean.  Two  instances  are  known  where  a 
distributor  of  the  above  type  was  replaced,  during  the  blai^  with  a 
large  bell,  and  the  furnace  upon  being  started  got  hot  faster  than 
burdens  could  be  put  on  to  keep  the  silicon  cont^at  in  the  iron  down. 

The  best  work  on  Superior  ores  is  now  being  done  with  a  rela- 
tively large  bell,  12  feet  to  12  feet  4  inches  on  a  16-foot  stock 
line,  which  places  an  annular  heap  of  ore  about  the  walls  with  a 
central  conical  cavity  or  depression.  The  fines  accumulate  in  larger 
proportion  at  the  outside,  with  the  coarse  ore  running  down  the 
face  of  the  pile  to  the  center.  The  difficulties  which  seemed  con- 
nected with  the  large  bell  have  largely  disappeared  with  changes 
in  the  design  of  furnace  lines,  modification  of  means  employed  for 
the  preservation  of  linings,  and  improved  distribution  of  the  charge 
on  the  bell  before  it  is  dumped.  Attributing  difficulties  to  the  accu- 
mulation of  fines  next  to  the  walls  is  not  logical,  for  experiments 
with  small-scale  model  furnaces  have  demonstrated  that  fines  tend 
to  move  toward  the  center,  and  with  the  central  part  more  permeable 
to  ascending  gases,  tiiis  tendency  would  be  accelerated  by  the  faster 
dropping  or  movement  at  the  center.    This  keeps  the  more  intense 
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action  to  the  center  of  the  furnace,  in  contrast  to  the  action  where 
coarse  material  accumulates  in  excess  at  the  sides. 

The  method  of  dropping  the  bell  has  considerable  effect  on  the 
relation  of  fines  going  to  the  outside  to  ooarse  material  going  to  the 
center,  and  the  condition  of  the  ore  also  causes  variations  in  the  rela- 
tion. With  a  bell  opening  slowly,  or  with  a  charge  of  wet  or  clayey 
ore,  the  tend^i<7  of  the  ore  will  be  to  drop  nearer  the  center  than 
when  a  bell  op^os  quickly  or  when  the  charge  consists  of  lumpy  ore. 

A  final  factor  is  the  height  at  which  the  stock  line  is  carried. 
With  a  16-foot  throat  and  12- foot  3-inch  bell  the  stock  line  is  usually 
carried  at  14  feet  below  the  top,  or  about  5  feet  below  the  bottom  of 
the  bell  when  it  is  dropped,  and  7^  feet  below  the  bottom  of  the  bell 
when  closed.  It  can  be  carried  at  12  feet  to  advantage  when  the  gas 
offtakes  are  not  led  off  at  too  great  a  distance  below  the  top.  As  a 
matter  of  fact  the  height  of  the  stock  line  in  relation  to  distribution 
of  ore  from  the  bell  is  at  most  plants  seemingly  more  of  theoretical 
than  of  actual  importance,  for  a  stock  line  supposedly  at  14  feet 
varies  fr(»n  12  to  19  feet.  One  of  the  advantages  claimed  for  the 
Kile^i  distributor  was  that  irrespective  of  the  variations  in  the 
height  of  the  stock  line  the  distribution  of  material  as  discharged 
from  the  distributor  was  approximately  constant.  With  no  distrib- 
utor the  height  of  stock  line  has  a  considerable  influence  upon  dis- 
tribution. 

X>ISTBIB0TION  OF  BUBDEK. 

The  correct  distribution  of  the  charge  on  the  bell  is  perhaps  a 
chief  factor  in  pr<Hnoting  regularity  in  furnace  operations  and  one 
in  which  it  is  most  difficult  to  obtain  theoretically  correct  results. 
In  getting  the  ore  from  the  bins  to  the  large  bell  there  are  from  two 
to  four  drops,  at  each  of  which  the  coarse  material  may  roll  more  or 
less  to  one  side.  The  direction  of  fall  being  usually  always  the  same, 
there  is  likely  to  be  a  pronounced  concentration  of  coarse  material 
toward  the  side  of  the  furnace  opposite  the  skip  incline.  This  in- 
duces channeling  by  the  blast  and  cutting  back  of  the  lining,  which 
causes  hanging  and  slipping.  Upon  the  extent  to  which  design  of  the 
charging  apparatus  obviates  this  detrimental  sizing  of  the  charge 
depends  largely  on  the  uniformity  of  movement  of  the  furnace. 

The  majority  of  furnaces  use  a  stationary  double-bell  top.  At 
these  a  great  deal  of  experimenting  is  necessary  in  determining  the 
angle  and  speed  of  dumping  of  the  skip  car.  Overthrow  of  material 
from  the  skip  is  also  a  point  to  be  watched.  If  the  angle  and  speed 
are  correctly  fixed  to  give  the  best  possible  distribution  of  material 
about  the  periphery  of  the  large  bell  and  the  distribution  still  falls 
short  of  the  desired  result,  defects  in  the  design  of  the  receiving 
hopper  or  in  the  capacity  of  the  throat  are  usually  responsible.    In 
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some  cases  lengthening  the  throat  to  equal  the  capacity  of  the  skip 
has  almost  eliminated  sticking  and  slipping.  The  stationary  top  has 
given  regular  and  good  practice  on  exceptionally  low  ooke  consump- 
tion, but  the  possibilities  of  defects  in  the  distaibutiim  are  neverthe- 
less very  great  with  this  type.  Ev^i  if  the  top  adjustment  and  the 
dumping  of  the  skip  are  correct  for  one  mix  of  burden,  with  a 
progressive  or  sudden  change  in  materials,  the  furnace  may  develop 
a  hot  spot  through  irregular  heating  within  six  we^s  to  six  months 
lifter  it  is  blown  in,  or  sooner  or  later  hanging  and  slipping  may 
become  a  menace  to  safety  and  good  practice. 

REVOLVING  DISTRIBUTORS. 

The  present  tendency  is  to  install  a  mechanical  distributor.  There 
are  two  classes  of  distributors — ^those  revolving  on  top  and  those  re- 
volving at  the  base  of  the  skip  incline.  Those  revolving  at  the  top 
of  the  furnace  are  all  alike  in  principle;  that  is,  the  charge  is 
deflected  from  an  angle  of  about  60^  to  one  of  about  90°  before  it  is 
dumped  onto  the  hopper  of  the  large  belL  They  differ  ia  the  way 
the  charge  is  dumped  onto  the  large  bell  and,  to  some  extent,  oa  the 
small  belL  Some  are  open  to  the  objection  that  if  the  operating 
mechanism  of  the  distributor  is  deranged,*  the  furnace  must  be 
stopped  until  repairs  are  made.  Distributors  revolving  at  the  bot- 
tom of  the  skip  incline  are  represented  by  modifications  of  the 
Neelend  bucket.  With  this  device  tiie  revolving  mechanism  is 
removed  from  the  top  of  the  furnace,  the  distribution  can  be  in- 
spected easily,  and  in  event  of  a  breakdown  the  furnace  can  still  be 
filled  satisfactorily. 

DESIGN  AND  POSITION  OF  BELL. 

No  distributor  or  design  of  receiving  hopper  and  throat  can 
exert  its  maximum  benefit  unless  the  large  bell  is  centered  in  the 
furnace.  In  addition  the  bell  should  be  balanced  before  placing  in 
order  to  avoid  side  thrust  and  swinging  of  the  bell  when  it  is 
lowered.  The  bell,  for  the  large  percentage  of  Mesabi  or  fine  ores 
now  used,  should  have  a  slope  of  53**,  and  machining  the  surface  is 
advocated  at  many  plants.  The  resulting  regularity  of  practice 
repays  many  times  the  time  expended  and  the  cost  of  constructional 
charges  and  design.  The  life  of  the  lining  is  invariably  reduced  by 
localization  of  coarse  ore  in  one  segment  of  the  furnace.  Hot  work- 
ing will  always  occur  at  this  point,  the  abnormal  heat  softens  and 
fluxes  the  lining,  and  erosion  and  hot  spots  are  the  result  Spraying 
with  water  may  prevent  damage  to  the  furnace  shell,  but  there  is  no 
remedy  for  the  hole  gouged  out,  as  material  tends  to  build  up  and 
peel  off,  and  the  hole  to  constantly  grow  larger. 
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UHSS  OF  FUBN  ACS  IiIHIirO. 

Alteration  of  the  lines  of  the  furnace  has  often  been  essential,  in 
addition  to  correct  distribution,  to  freedom  from  slips.  It  is  a  mat- 
ter of  record  that  furnaces  of  relatively  small  height  are  freer  from 
slips  than  high  furnaces.  Although  this  fact  has  been  attributed  to 
less  crushing  of  coke,  the  principal  factor  contributing  to  this  con- 
dition is  that  such  short  furnaces  have  a  more  tapered  stack,  which 
offers  less  opportunity  of  a  foothold  for  material  to  freeze  onto. 

COKTOUH  OF  UPFBK  PABT  OF  tTTRNACE. 

Improvement  in  lessening  slips  has  been  obtained  in  high  stacks 
by  extending  the  straight  brickwork  down  from  the  top  of  the  fur- 
nace for  as  much  as  22  feet  and  by  running  the  inwall  straight  up 
from  the  top  of  the  bosh  as  much  as  9  feet.  Shortening  the  cone 
segment  of  the  inwall  in  this  manner  has  greatly  lessened  the  tend- 
ency toward  slips,  because  the  greater  slope  of  the  inwall  affords 
less  foothold  for  arches  to  spring  from  and  for  wedging  of  the  stock. 
Wedging  may  be  considered  to  take  place  in  the  upper  part  of  the 
furnace,  whereas  ardiing  usually  is  confined  to  the  lower  part.  The 
wedging  is  due  to  expansion  of  the  stock  from  heat  in  its  descent, 
carbon  deposition,  channeling,  and  formation  of  scabs.  Arching 
is  more  usually  due  to  the  cementing  of  slag-forming  materials  at  the 
top  of  the  bosh. 

The  extent  to  which  straight  brickwork  may  be  carried  at  the  top 
of  the  bosh  and  from  the  top  of  the  furnace  down  is  problematical. 
If  a  height  of  5  feet  at  the  top  of  the  bosh  and  a  depth  of  20  feet  at 
the  stock  line  is  taken  as  typical  of  the  extent  of  straight  lining  in 
the  stack,  the  fact  that  freedom  from  slipping  is  being  attained  in 
furnace  practice  with  wide  variations  from  these  contours  indicates 
that  the  requirements  for  satisfactory  lines  are  not  rigid.  There  is 
some  point  down  to  which  the  straight  brickwork  at  the  top  may  be 
carried  that  will  present  the  maximum  advantages  of  a  steep  batter 
of  the  lower  inwall,  without  overreaching  the  point  where  the  in- 
crease in  bulk  from  carbon  deposition  and  disintegration  of  the  ore 
would  cause  wedging  of  the  charge.  The  depth  of  straight  brick- 
work at  the  top  is  a  problem  to  be  settled  only  by  experience  at 
individual  plants  or  groups  of  plants  using  closely  identical  ma- 
terials for  burdens.  Knowledge  of  the  depth  at  which  reduction, 
carbon  deposition,  disintegration,  and  swelling  of  the  charge  begin 
is  not  available.  In  view  of  the  improvement  that  might  be  effected 
by  definite  data  along  these  lines,  it  is  to  be  regretted  that  more  is 
not  known,  as  such  information  would  possibly  enable  the  lines  to 
be  designed  with  more  precision  and  with  greater  expectation  of 
more  regular  working,  decreased  flue-dust  losses,  less  off -grade  iron, 
74142»— BuU,  130—17 ^15 
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and  fewer  slips.     Knowledge  of  the  gas-ore  reactions  for  various 
mixes  is  totally  lacking  for  American  blast-furnace  practice. 

CONTOUR  OF  IJNIKO  AT  THE  BOSH. 

Slipping  caused  from  scaffolds  is  confined  largely  to  the  bosh  and 
slightly  above  it.  Here  furnace  men  are  also  confronted  with  un- 
certainty as  to  the  exact  conditions.  One  may,  by  a  study  of  the 
lines  of  furnaces  when  blown  out,  form  a  theory  of  the  location  of 
the  zone  of  slag  formation  and  of  the  nature  of  the  physical  changes 
taking  place  there.  It  is  known  from  various  researdies  abroad  that 
there  is  a  point  where  swelling  of  the  ore  from  its  reduction  ceases 
and  its  further  descent  through  the  furnace  is  accompanied  with 
only  such  small  expansion  as  would  be  caused  by  the  increased  heat 
At  a  certain  point  well  localized  under  conditions  of  uniform  prac- 
tice the  various  solid  materials  begin  to  soften,  become  pasty,  and  then 
to  liquefy  by  reason  of  the  combination  of  the  various  entities,  such 
as  sand,  clay,  lime,  and  oxides.  Simultaneously  with  the  formation 
of  slag  the  liquefaction  of  such  iron  sponge  as  has  arrived  at  this 
point  and  the  reduction  of  residual  iron  oxide  begins.  The  range  of 
this  action  is  evidently  not  confined  to  a  narrow  belt,  and  for  a  dis- 
tance of  a  few  feet  there  must  be  a  zone  of  more  or  less  pasty  ma- 
terial in  the  transition  stage  between  the  solid  and  molten  phase^ 
The  transition  from  the  solid  uncombined  state,  in  which  the  ma- 
terial bulks  large  by  virtue  of  the  spaces  between  the  particles,  to  a 
molten  condition  is  accompanied  by  the  following  changes:  A 
marked  contraction  in  volume  and  a  change  of  state  from  a  solid 
slowly  descending  body,  through  a  condition  of  agglomerated  pasty 
material,  to  the  relatively  great  fluidity  at  which  the  slag  and  iron 
quickly  drop  to  the  hearth. 

If  this  zone  of  slag  formation  can  be  held  where  the  area  of  the 
cross  section  is  at  a  maximum — ^that  is,  at  or  just  above  the  bosh— it 
is  clear  that  the  transition  from  solid  to  liquid  phase  should  not 
interpose  any  resistance  to  the  passage  of  the  gas  upward.  If  this 
zone,  however,  should  be  embraced  in  the  contracting  walls  of  the 
bosh,  the  effect  of  its  diminished  cross  section  would  be  to  compress 
the  pasty  or  agglomerated  mass  into  a  plug  of  relatively  impervious 
material  through  which  the  blast  could  penetrate  only  with  difficulty. 
Exposure  to  the  cooled  bosh  would  congeal  adjacent  portions  of  the 
slag,  unreduced  iron  oxide,  and  carbon  dust  into  a  scab  of  refractory 
material,  thus  further  decreasing  the  area  of  the  cross  section  in 
which  slag  formation  is  taking  place.  The  combined  effect  of  resist- 
ance to  blast  pressure  and  freezing  of  material  to  the  sides  can  easily 
be  sufficient  to  arch  the  charge  and  prevent  further  descent,  when  the 
furnace  will  commence  to  hang. 
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Building  the  inwall  straight  for  a  few  feet  above  the  bosh  pro- 
vides some  leeway  for  the  inevitable  rise  and  fall  of  the  semifused 
plug  of  material  in  the  fusion  zone,  but  such  a  cylindrical  section 
above  the  bosh  is  without  benefit  unless  the  height  of  the  bosh  is 
kept  down.  If  the  burden  material  should  pass  the  cylindrical  sec- 
tion and  enter  the  water-cooled  bosh  before  fusion  and  shrinkage 
takes  place,  the  furnace  will  either  work  irregularly — that  is,  the  iron 
will  be  alternately  too  hot  or  too  cold,  and  frequently  hanging  and 
slipping  will  result — or  the  furnace  manager  will  have  to  accommo- 
date his  practice  to  the  furnace  lines  at  the  expense  of  lower  blast 
heat,  higher  fuel  consumption,  and  probably  more  rapid  deterioration 
of  the  furnace  lining. 

The  location  of  the  top  of  the  bosh  must  be  dictated  by  the  study 
of  previous  "  blow-out  lines  "  and  furnace  practice,  in  the  absence  of 
autiioritative  information  as  to  intervening  furnace  temperatures 
and  pressures,  and  points  of  slag  formation.  Keeping  the  bosh  at  a 
moderate  height  necessitates  enlarging  the  hearth,  or  making  a  rela- 
tively flat  bosh.  The  most  satisfactory  construction  when  working 
on  Bessemer  and  basic  iron  has  been  found  to  be  a  low  bosh,  a 
steep  bosh  angle,  and  a  wide  hearth.  A  flat  bosh  accumulates  ma- 
terial, wedges  the  descending  coke,  and  causes  high  blast  pressure, 
whereas  the  steeper  bosh  gives  the  least  likelihood  of  material  hang- 
ing to  the  side,  keeps  the  column  of  coke  open  and  thus  promotes 
smoother  working.  The  location  of  the  top  of  the  bosh,  and  conse- 
quently the  hearth  diameter  and  bosh  angle,  is  somewhat  depend- 
ent upon  the  limits  of  blast  temperature  which  it  is  possible  to  carry, 
upon  the  sulphur  content  of  the  coke  or  ore,  and  consequently  the 
basicity  of  the  slag,  and  the  character  of  ore  smelted  and  pig  iron 
made.  Smelting  of  hard  Clinton  ores,  or  magnetites,  is  a  very  dif- 
ferent proposition  from  the  smelting  of  easily  reduceable  Lake  Su- 
perior ores.  High-silicon  iron  introduces  a  variation,  the  definite 
limits  of  which  are  fixed  with  difficulty. 

PBESEBVATION  OF  UNINO. 

* 

After  the  operator  has  fixed  upon  the  distribution  that  guarantees 
the  best  arrangement  of  charges  in  layers  of  uniform  permeability 
for  a  given  cross  section,  with  the  least  possible  diannelling,  and 
upon  furnace  lines  which  assure  uniform  and  unobstructed  descent 
of  material  with  the  least  distortion  of  distribution,  the  preservation 
of  these  conditions  is  necessary  to  insure  uniform  and  safe  working. 
Failure  of  the  lining  to  stand  up  under  the  work  is  detrimental 
because  much  of  the  benefit  from  good  distribution  is  lost  when  the 
lining  becomes  worn  in  one  or  more  spots. 
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PRESERVATION  OP  THE  LINING  AT  THE  STOCK  LINE.  * 

At  the  stock  line  the  lining  has  to  resist  the  continued  impact  of 
material  discharged  from  the  conical  bell  as  i^ell  as  the  disintegrat- 
ing effect  of  carbonaceous  gases  and  varying  temperatures.  The 
abrading  action  of  coke,  scrap,  and  limestone  as  they  are  deflected 
outward  from  the  bell  hopper  against  the  lining  cuts  an  irregular 
channel  or  recess  in  the  brickwork.  This  cutting  action  may  extend 
some  distance  above  and  below  the  normal  positicm  of  the  stock  Ime, 
according  to  the  varying  heights  of  burden  in  the  furnace  when  the 
bell  is  dropped.  The  disintegration  of  the  brickwork  may  reach 
such  a  stage  that  whatever  advantage  is  obtained  by  relative  dis- 
tribution of  coarse  and  fine  material  or  contour  of  the  top  of  the  stock 
line  is  lost  If  it  be  assumed  that  the  lower  inwall  retains  its  shape, 
the  inferior  distribution  and  arrangement  of  material  at  the  stock 
line  may  result  in  slips,  because  the  increased  diameter  allows  a  thin 
stratification  of  less  impervious  material  at  some  point  or  points. 
As  this  defective  spot  lowers  in  the  furnace  it  induces  channeling; 
the  relatively  thicker  section  receives  insufficient  gas  to  preheat  it ; 
and  s<Mne  portions  of  the  charge  arrive  at  the  bosh  insufficiently  re- 
duced or  relatively  cold,  where  they  may  introduce  hanging  and 
slipping  by  chilling  the  furnace,  lowering  the  fusion  zone,  or  plaster- 
ing the  sides  of  the  f  umaoe. 

The  effect  of  good  distribution  is  also  lost  when  the  lining  becomes 
eroded  below  the  stock  line.  With  proper  distribution  the  movement 
of  stock  should  be  faster  in  the  center  of  the  furnace,  on  account  of 
the  greater  coarseness  of  the  core.  Its  more  rapid  descent  creates 
a  tendency  in  the  surrounding  material  to  work  toward  the  central 
part.  So  long  as  this  movement  is  regular  about  the  surrounding 
ring  of  fines,  no  detrimental  distortion  of  material  is  introduced, 
and  the  penetration  by  the  gas  tends  to  become  more  uniform  by 
reason  of  the  column  of  stock  becoming  of  more  uniform  permeability 
throughout  its  cross  section.  If  the  lining  should  erode  at  some  spot, 
the  stock  tends  to  spread  out  and  fill  the  increased  space.  This  pro- 
motes thinning  of  the  layers  in  the  charge  at  this  place  and  permits 
an  increased  local  upflow  of  gas.  Any  such  effect  is  slowly  cumu- 
lative, because  the  increased  velocity  and  heat  of  the  gas  causes  the 
adjacent  materials  and  wall  to  become  pasty  and  agglomerated.  The 
recess  formed  in  the  wall  affords  a  skewback,  upon  which  an  accumu- 
lation of  the  conglomerate  material  builds  and  pushes  its  way  out 
into  the  descending  stock.  This  material  may  continue  to  build  out 
and  form  a  permanent  scaffold,  may  alternately  build  and  slip  off, 
on  account  of  the  heavy  weight  of  the  colmnn  of  stock  lodged  on  it, 
or  may  be  melted  off  by  cleaning  blanks  or  by  "  blowing  down  "  at 
low  heat. 
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Various  means  are  employed  to  preserve  the  shape  of  the  stock 
line.  In  one  type  of  construction  the  brickwork  is  replaced  by  a  cast 
steel  or  iron  shell  which  is  riveted  to  the  furnace  jacket  oa  top  of  the 
inwall  brickwork  and  is  either  spray  cooled  or  air  cooled.  The  con- 
struction is  somewhat  complicated  because  ezpaqsion  and  contrac- 
tion of  the  metal  shell  must  be  provided  for,  and  the  shell  can  be 
relied  upon  to  carry  only  its  own  weight,  so  that  much  of  the  top 
work  must  be  carried  by  other  construction.  Large  wearing  plates 
or  rings  of  steel,  embedded  in  the  brickwork  and  tied  in  with  rods, 
have  caused  trouble  where  used' on  account  of  their  warping  and  dis- 
placing the  brickwork.  Tile  of  hard-burned  brick  have  given  fair 
satisfaction,  but  are  not  an  absolute  guaranty  of  preservation.  The 
use  of  cast-iron  brick  invites  trouble  from  variation  in  size  when 
exposed  to  varying  temperatures.  Such  action  has  resulted  in  shear- 
ing of  the  rivets  on  horizontal  seams  of  furnace  shells  on  top.  The 
use  of  cast-steel  plates,  which  are  sometimes  water-cooled  and  are 
hung  and  tied  in  front  of  the  lining,  or  of  high-carbon  (or  cast-steel)- 
plates  of  small  area  anchored  in  the  brickwork  or  set  in  concrete, 
at  the  stock  line  has  proved  to  be  the  most  efficient  means  of  protect- 
ing the  stock  line  from  abrasicm.  When  small  plates  are  used  any 
warping  that  takes  place  is  in  small  local  segments,  which  does  not 
greatly  affect  correct  distribution. 

Most  furnace  men  regard  stock-line  protection  as  an  important 
means  of  attaining  regularity  in  furnace  working.  A  few  anticipate 
the  need  of  renewal  and  the  necessity  for  shutting  down  at  some  time 
during  the  blast  to  repair  the  stock  line  and  do  not  provide  me- 
chanical protection.  As  a  rule,  however,  most  furnace  men  consider 
the  difficulties  of  access,  the  hazards  from  gas,  the  trouble  in  starting 
up,  and  the  slipping  and  irregular  working  from  the  failure  of  the 
stock  line  prior  to  repairs  as  sufficient  incentive  to  provide  maximum 
mechanical  protection  at  this  point.  Only  a  minority  consider  the 
preservation  of  the  stock  line  as  a  minor  point. 

PRESERVATIOK  OF  THE  LININO  ABOVE  THE  BOSH. 

Preservation  of  the  brick  lining  in  the  inwall,  from  the  bosh  up  to 
about  40  feet  above  the  mantle,  is  a  most  difficult  problem.  Although 
intensive  water  cooling  in  the  bosh,  to  the  inside  face  of  the  lining, 
has  proved  sufficient  to  preserve  an  ample  thickness  of  lining  over 
a  blast  of  several  hundred  thousand  tons,  in  the  inwall  the  lining 
must  be  largely  left  to  its  own  resources  and  to  the  attack  of  heat,  gas, 
and  fluxes.  These  destructive  agencies  act  in  different  ways,  but  all, 
under  certain  conditions,  will  effectually  disintegrate  refractory 
linings.  Alkaline  salts  have  been  known  to  enter  the  body  of  the 
brickwork  and  to  flux  out  the  fire  clay ;  lime  dust  at  high  temperatures 
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readily  combines  with  clay;  furnace  gas  on  penetrating  fire-brick 
cimstraction  and  coming  in  contact  with  iron  oxide  undergoes  a  de- 
composition by  which  carbon  is  deposited  in  the  interstices  of  the 
brick  lining,  and  this  may  disrupt  and  completely  disintegrate  the 
brick.  The  wear. upon  the  lining  by  abrasive  material  in  the  stock 
may  be  a  fairly  insignificant  factor  except  at  points  where  there  is 
local  heating  sufficient  to  soften  the  brick. 

However,  as  the  concentration  of  coarse  abrasive  material  in  any 
vertical  segment  of  the  stock  colunm  induces  channeling  by  the 
blast,  with  ccmsequent  higher  temperature  and  increased  velocity  of 
gas  travel,  there  is  likely  to  be  intermittent,  and  at  times  constant, 
periods  when  the  wear  of  the  lining  by  abrasion  is  markedly  accel- 
erated by  partial  softening  or  incipient  fusion  of  the  lining  from  the 
increased  temperature  and  velocity  of  the  gases. 

THICKNESS  or  LINING,  AND  WATER  CXX)LING. 

The  means  taken  to  preserve  the  lining  in  the  inwall  are  ccMnprised 
in  the  use  of  thick,  moderate,  or  thin  linings,  and  in  the  extension 
of  water  cooling  to  the  inwall  construction. 

USB  OF  THICK  LININGS. 

An  excessively  thick  liuing  is  characteristic  of  older  practice,  and 
some  furnaces  built  within  the  past  three  years  have  tiiick  linings. 
Good  work  has  been  done  with  these  linings,  but  because  of  the 
high  cost  of  construction,  and  the  expense  and  time  required  for  re- 
moval and  replacement  at  relining,  the  natural  tendency  is  to  use 
them  to  destruction.  Long  before  the  lining  has  worn  back  to  the 
shell,  however,  the  furnace  lines  may  become  so  irregular  from  local 
failure  or  erosion  of  the  lining  that  it  is  difficult  to  prevent  pro- 
tracted hanging  and  heavy  slipping.  There  is  usually  a  period,  pre- 
ceding the  blowing  out,  in  which  the  furnace  crew  have  to  contend 
with  severe  scaffolding  and  hearth  trouble.  Water  sprays  are  used 
on  these  thick  linings  when  the  shell  becomes  hot,  but  as  a  rule 
sprays  can  not  counteract  failure  at  any  point  until  the  lining  has 
become  eroded  to  a  detrimental  depth.  Repeated  observation  shows 
that  although  brick  in  the  upper  inwall  can  withstand  the  heat  and 
friction,  the  brickwork  6  to  30  feet,  or  more  usually  15  to  30  feet, 
above  the  mantle  wears  out  relatively  quickly  on  thick  linings.  This 
is  the  zone  of  maximum  erosion  and  is  roughly  the  point  at  which 
the  material  is  still  coarse  and  firm,  although  at  a  heat  sufficient  to 
somewhat  soften  the  brick.  When  the  face  of  the  brickwork  hai 
worn  away  so  that  the  shell  gets  red  hot,  a  spray  is  put  on.  By  this 
time,  however,  there  may  not  be  more  than  6  inches  of  brickwork 
left  of  an  original  60  inches.    The  water  spray  may  succeed  in  hold- 
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ing  this  thin  wall,  or  if  the  wall  crumbles  the  spray  may  preserve 
the  shell  for  long  periods,  although  incandescent  coke  is  against  the 
lining.  If  the  spray  is  put  on  as  soon  as  the^  paint  on  the  shell 
starts  to  darken  and  before  the  shell  beccHnes  red  hot,  a  thicker  inwall 
will  be  preserved.  Steam  is  sometimes  introduced  between  the  lin^ 
ing  and  the  shell,  a  ^-inch  steam  line  tapped  into  the  shell  pro- 
tecting about  100  square  feet  of  surface.  These  steam  jets  are  more 
useful  for  patching  cracks  than  for  checking  erosion,  as  in  the  latter 
case  they  are  of  doubtful  benefit.  Tonnages  on  linings  48  to  72 
inches  thick  amounting  to  1,800,000  tons  of  iron  have  been  obtained, 
although  the  last  150,000  or  more  tons  has  usually  been  made  under 
very  trying  conditions  of  slipping  and  with  high  consumption  of 
coke. 

USS  OF  THIN  LININGS. 

The  other  extreme  is  to  use  a  thin  lining,  9  to  13  inches  thick. 
The  difficulty  with  thin  linings  is  that  the  life  of  the  entire  lining 
is  dependent  upon  that  of  the  weakest  part.  When  local  failure 
occurs  the  entire  lining  may  fail  on  account  of  lack  of  stability,  owing 
to  the  thin  wall  and  falling  in  of  adjacent  brickwork.  Failure  of 
the  lining  is  followed  by  heavy  slipping,  caused  by  the  adhering  and 
building  of  material  on  the  cold  shell,  a  condition  which  necessitates 
blowing  out  after  too  short  a  run  to  make  this  construction  feasible. 
Also,  the  temperature  of  the  cooling  water  must  be  carefully  watched 
in  order  to  prevent  scaffolding,  even  when  the  lining  is  intact.  One 
instance  is  known  where  a  thin-lined  furnace  being  blown  in  was 
very  nearly  put  out  of  blast  by  the  formation  of  a  scaffold  at  the 
mantle,  a  shutdown  being  averted  only  by  cutting  off  the  water  on 
the  first  two  cooling  rings  of  the  jacket  above  the  mantle,  with  much 
trouble  from  hearth  difficulties  and  cold  iron.  Thin  linings  have 
been  replaced  at  some  furnaces  with  22^-inch  linings. 

T7SK  or  IJNIN08  OF  MEDIUM  THICKNESS. 

Moderately  thick  linings  have  given  good  results  and  tonnages  of 
600,000  to  900,000  tons  to  a  lining.  A  lining  27^  to  36  inches  thick 
has  a  seeming  advantage  for  the  reason  that  the  brickwork  on  a  thick 
lining  will  cut  back  to  a  thickness  where  exterior  cooling  checks 
further  erosion  of  the  brick.  On  a  moderately  thick  lining  this 
cooling  action  will  be  almost  inunediately  effective,  also  a  water 
spray  can  be^  used  to  immediate  advantage  when  local  failure  of  the 
lining  develops,  thus  obviating  deep  erosion  before  the  spray  is 
effective.  Consequently  the  contour  of  the  walls  can  be  expected 
to  remain  more  uniform,  without  the  excessiTe  fthillipg  caused  by  a 
thin  lining. 
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PLAGINO  OF  GOOUNG  PIATB8. 

The  practice  of  water-cooling  linings  has  been  very  saocesBful, 
although  it  has  been  brought  into  disrepute  repeatedly  by  the  prac- 
tice of  placing  the  nose  of  the  cooling  plate  flush  with  to  9  inches 
back  from  the  face  of  the  lining  or  too  close  together. 

The  plates  have  been  placed  so  near  the  face  in  order  to  preserve 
the  lining  at  approximately  its  original  lines.  That  this  is  uimeces- 
sary  is  indicated  by  the  usual  experience  that  a  furnace  starts  to  work 
most  smoothly  three  to  five  months  after  it  has  been  blown  in,  when 
it  may  be  assumed  the  contour  has  reformed  by  the  cutting  back  of 
the  original  lines.  AltJiough  the  deviation  may  be  small,  it  is  a  sign 
that  rigid  holding  of  contours  is  far  from  necessary.  Placing  the 
plates  near  the  face  of  the  lining  has  been  a  failure,  either  because 
they  could  not  survive  long,  owing  to  cracking  and  erosion  of  the 
nose,  or  because  the  water  had  to  be  turned  off  on  account  of  the 
scaffolding  and  slipping  induced  by  excessive  chilling  of  the  face  of 
the  lining.  The  best  practice  is  to  place  stock-cooling  plates  14  to  18 
inches  from  the  face  of  the  lining,  spaced  3  feet  to  3  feet  6  inches  on 
vertical  centers  and  about  5  feet  on  horizontal  centers,  each  row  being 
staggered.  Such  cooling  is  not  intense  enough  to  cause  scaffolding 
or  disposition  of  cyanides,  but  chills  the  face  sufficiently  to  check 
abrasion  by  the  grinding  of  descending  stock  against  softened  brick 
and  to  retard  fluxing  action.  Thick  linings  which  had  previously 
shown  hot  spots  and  conunenced  to  work  irregularly  at  the  end  of 
12  to  18  months  have  worked  smoothly  on  successive  linings  with 
stack-cooling  plates  inserted  for  upward  of  three  years.  The  height 
of  the  top  plate  is  about  30  feet,  to  prevent  the  formation  of  a  recess 
or  shelf  on  top  of  the  top  row  from  erosion,  as  may  occur  when  the  • 
height  is  but  20  to  25  feet.  Several  plates  may  be  lost  without  ap- 
parently affecting  the  work  of  the  furnace,  and  the  effect  of  possible 
shelf  formation  between  the  rows,  although  theoretically  detrimental, 
has  not  been  marked. 

INFEBIOB  BBICK  OB  BBICBXAYIKG  AS  A  CAirSE  07  PAXLUBB 

Failure  of  the  lining,  when  not  due  to  faulty  distribution  or  the 
contour  of  the  lining,  is  frequently  ascribed  to  the  brick  itself.  In 
the  inwall  defective  brick  have  a  wide  opportunity  to  cause  failure. 
Among  the  chief  factors  contributing  to  inferior  brick  for  the  inwall 
are  irregular  size,  spalling  proi>ensity,  and  insufficient  hardness. 
Excessive  porosity,  excess  iron  oxide,  sand,  or  other  impurities,  de- 
ficient resistance  to  fluxing,  insufficient  refractoriness,  and  shrinkage 
are  possible  faults,  although  not  as  a  rule  outstanding  or  of  frequent 
occurrence.    The  op^i  joints  left  by  irregular  brick  require  an  exces- 
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sive  quantity  of  fire-clay  grouting^  which  is  comparatively  easy  to 
flux  and  is  permeable  to  gases ;  any  spot  in  the  inwall  of  insufficient 
hardness  begins  to  abrade  at  an  early  stage  of  the  blast,  and  spalling 
may  accelerate  any  failure  due  to  other  tendencies;  but,  as  a  generid 
rule,  it  is  the  opinion  of  furnace  men  that  fire-brick  construction  for 
the  inwall  is  fully  abreast  of  the  perfection  to  which  other  factors 
affecting  regular  working  have  been  brought. 

Given  satisfactory  brick,  good  bricklaying  is  essential  The  ex- 
pense of  grinding,  washing,  weathering,  mixing,  molding  or  press- 
ing, and  burning  demands  equally  painstaking  work  in  placing 
brick  in  the  furnace.  If  the  shell  is  heavy — |-indi  plate,  double  and 
triple  riveted — ^the  brick  can  be  placed  against  the  jacket.  Such  con- 
struction prevents  the  packing  space  yielding  and  permitting  crack- 
ing of  the  brickwork  by  expansion  strains.  The  formation  of 
cracks,  and  a  hot  jacket  are  not  unccHnmon  where  a  large  packing 
space  is  used.  For  jackets  lighter  than  f-inch,  a  packing  space 
filled  with  some  yielding  material  is  usually  essential.  There  are 
several  examples  of  qplit  i^ells  or  sheared  rivets  on  furnace  jackets 
when  insufficient  or  no  packing  space  has  been  provided.  It  is,  of 
course,  common  opinion  that  thin  joints  should  be  made  in  laying 
the  brick,  and  that  accuracy  in  making  the  joints  should  be  exacted. 
After  the  lining  has  been  placed,  it  is  essential  to  dry  it  thoroughly. 
Blowing  it  with  a  green  damp  lining  handicaps  the  durability  of 
the  lining  by  the  generation  of  steam  in  the  interstices  of  the  struc- 
ture, thus  introducing  the  possibility  of  the  formation  of  crevices 
and  rupturing  of  the  fire-clay  bond.  Two  weeks  is  none  too  long, 
in  the  opinion  of  most  furnace  men,  for  drying  out  the  lining. 

QAS  OEFTAXES  AND  DISTBIBTJTIOK  OE  BLAST. 

Other  structural  defects  which  induce  slips  are  improper  blast 
distribution  and  impr<^er  location  of  the  gas  offtakes.  The  gas  off- 
takes should  be  high  enough  above  the  stock  line  so  that  opportu- 
nity will  be  afforded  for  any  stock  carried  upward  by  a  rush  of 
gas  will  fall  back  before  it  is  swept  over  into  the  downcomer,  and 
so  that  stock  dropped  from  the  bell  will  not  be  carried  over  into  the 
gas  offtake.  The  offtakes  should  be  large  enough  in  diameter  and 
of  sufficient  number  so  that  the  velocity  of  gas  at  each  opening  will 
not  be  excessive.  With  fast  driving,  there  is  a  tendency  for  the  gas 
to  channel  up  through  the  stock  column,  cut  the  walls,  and  cause 
hanging  if  an  excessive  amount  of  material  is  lifted  and  carried 
over  dire<M;ly  from  beneath  the  location  of  the  gas  offtake.  A  simi- 
lar tendency  may  be  noted  when  a  gas  offtake  is  directly  over  the 
juncture  of  the  bustle  pipe  and  hot^blast  main,  or  over  the  tapping 
hole  or  cinder  notch.  Ajccordingly  the  best  locaticm  of  offtakes  is  off 
center  from  the  location  of  thof  blast  main  and  notchaa 
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Improper  blast  distribution  is  seldom  the  cause  of  slips,  but  occa- 
sionally a  defect  in  blast  allows  more  air  to  enter  on  one  side  of  the 
furnace  than  at  the  other.  This  causes  one  side  of  the  stock  column  to 
travel  faster  than  the  other,  the  top  of  the  stock  becomes  lopsided, 
and  the  distribution  is  distorted,  with  channeling  of  the  gas  up  one 
side ;  then  cutting  of  the  walls,  and  scaffolding,  and  heavy  slif^  may 
I'esult.  This  is  avoided  in  construction  only  by  having  the  hot-blast 
main  join  the  bustle  pipe  at  right  angles  to  the  tangent  of  the  bustle 
pipe  at  the  point  of  juncture.  The  hot-blast  main  should  prefer- 
ably extend  from  this  point  in  a  straight  line  back  past  tlie  stoves. 

KATEBIAJUS  TXSED  FOB  THE  BUBBEIT. 

FLtrx. 

Limestone  or  dolomite  occasions  the  least  difficulty  and  produces 
the  least  irregularity  in  furnace  work  of  any  of  the  materials  of 
burden.  Dolomite,  when  used  exclusively  for  a  flux,  may  cause  con- 
siderable trouble  with  some  practices  and  grades  of  ore,  but  the 
trouble  is  very  easily  remedied  by  introducing  calcite  into  the  mix. 
The  difficulty  is  due  to  indeterminate  causes,  involving  the  fusion 
point,  fluidity,  and  sulphur-saturation  point  of  the  slag.  When  a 
more  suitable  proportion  of  lime  and  magnesia  in  the  slag  has  been 
determined,  other  factors  which  may  cause  slipping  are  too  large  a 
proportion  of  dust  or  dirt,  too  refractory  limestone,  crushing  the 
stone  to  excessively  large  or  small  sizes,  and  irregularity  in  analysis. 
Elimination  of  fines  by  screening  and  washing  the  crushed  limestone 
has  been  specified  at  several  plants,  and  the  additional  cost  has  beea 
offset,  it  is  stated,  by  improvement  in  practice.  Further  elimination 
of  gangue  is  obtained  by  specifying  a  lower  silica  content  in  the 
limestone.  With  increasing  amounts  of  gangue  in  the  burden  to  be 
fluxed,  the  use  of  a  limestone  with  lower  silica  content  decreases 
the  amount  of  stone  used,  and  thus  reduces  appreciably  the  variaticm 
from  changing  the  amount  of  available  lime  in  the  burden.  This  is  a 
source  of  irregularity  which  is  aggravated  by  a  large  proportion  of 
silica  in  the  stone  and  by  the  use  of  a  large  amount  of  flux.  The 
size  of  the  stone  should  be  dependent  on  its  refractoriness,  as  the 
temperature  at  which  carbon  dioxide  is  completely  expelled  from 
various  kinds  of  limestone  varies.  So  long  as  excessive  amoimt^  of 
limestone  persist  in  coming  down  to  the  tuyeres,  there  is  need  of 
finer  crushing.  On  the  other  hand,  it  should  not  be  crushed  so  fine 
that  all  the  carbon  dioxide  is  expelled  before  the  limestcme  has 
passed  through  the  zone  of  reduction.  Charging  finely  crudied 
stone,  similar  to  road-building  material,  has  been  found  to  cause  slips. 
The  usual  specifications  are  for  limestone  to  be  crushed  to  pass  a  ^■ 
inch  ring,  and  not  through  a  ^-inch  ring. 
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COKE. 

The  character  of  the  coke  may  be  the  keystone  of  uniform  practice 
and  freedom  from  excessive  slips,  as  even  with  satisfactory  ore  and 
flux,  and  with  every  attention  to  details  of  construction,  inferior  coke 
is  productive  of  irregular  practice.  The  chemical  analysis  of  blast- 
furnace coke  is  becoming  less  an  object  of  scrutiny,  because  the  work- 
ing limits  of  ash  and  sulphur  content  are  approximately  fixed,  and 
excessive  percentages  of  these  constituents  are  kept  down  either  by 
the  use  of  coals  which  contain  the  proper  percentages  within  limits, 
or  by  washing  the  coal  before  coking.  If  the  percentages  come 
within  the  desired  limit,  the  udual  variation  in  practice  appears  to 
be  negligible  in  coke  from  the  same  operation.  However,  from  the 
fact  that  many  furnaces  do  not  draw  coke  from  one  operation  or  set 
of  ovens,  there  is  usually  a  sufficiently  wide  variation  in  analysis 
to  demand  attention.  It  is  common  experience  that  variations  in 
coke,  as  shown  by  analysis,  do  not  bring  about  the  irregular  furnace 
practice  that  a  similar  variation  in  the  ores  or  fluxes  do.  The  fact 
that  probably  the  greater  proportion  of  the  ash  is  incorporated  in  the 
slag  at  the  tuyferes  accounts  for  this.  Variations  in  slag-forming 
constituents  which  combine  at  the  bosh  should  introduce  a  more 
direct  effect  upon  the  regularity  of  descent,  because  a  wide  variation 
in  fusibility  of  the  slag  in  the  smelting  zone  is  immediately  reflected 
in  increased  pressure,  hanging,  and  slipping,  whereas  a  considerable 
range  in  acidity  or  basicity  may  exist  in  the  hearth  without  any 
marked  effect  on  the  working  of  the  furnace. 

High-ash  content  is  in  itself  frequently  detrimental,  in  that  it  in- 
troduces cleavage  planes  into  the  coke  structure  and  may  thus  charac^ 
terize  physically  weak  coke.  The  physical  requirements  for  coke  are 
a  certain  uniform  degree  of  hardness,  toughness,  porosity,  density,  and 
possibly  absence  of  dense  graphitic  coating  on  the  surface.  Exces- 
sive softness  and  brittleness  invite  crumbling  during  drawing,  trans- 
portation, and  charging,  with  the  formation  of  an  excessive  amount 
of  dust^  This  introduces  a  handicap  to  uniform  practice  and  free- 
dom from  slips  by  reason  of  the  less  open  character  of  the  colunm 
of  stock.  To  eliminate  this  drawback,  the  coke  is  largely  screened 
at  the  bin,  and  this,  in  addition  to  causing  a  more  open  stock  col- 
umn, also  lowers  the  ash  content  ard  involves  little  or  no  loss  in 
heat  value,  inasmuch  as  fine  coke  is  evidently  dissolved  to  a  large 
extent  in  the  top  of  the  furnace  by  carbon  dioxide.  A  more  serious 
consequence  of  very  soft  or  brittle  coke  is  its  liability  to  be  ground 
to  pieces  by  the  abrasive  action  of  the  furnace  walls  and  of  the  bur; 
den  in  its  descent  through  the  furnace,  thus  choking  the  furnace,  with 
detrimental  results  to  uniform  working. 
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The  effects  of  variations  in  the  size  and  density  of  the  coke  are  espe- 
cially serious  when  the  coke  is  charged  by  volume.  By  reason  of  the 
variation  in  weight  charged,  for  the  same  volume^  there  is  a  tendency 
from  day  to  day,  or  period  to  period,  for  the  fusion  zone  to  rise 
or  fall.  Excessively  large  pieces  of  coke  permit  the  fragments  of 
ore,  especially  if  it  is  fine  ore,  to  roll  or  heap  together,  so  that  the 
ore  may  be  insufficiently  reduced  or  even  fused  prematurely,  and 
on  arriving  at  the  fusion  zone  in  this  condition  cause  chilling  of  the 
furnace.  Coarse  coke  also  presents  a  difficult  handicap  to  the  accom- 
modation of  charging  practice  to  the  lines  of  the  furnace,  if  the 
coke  is  too  dense  or  not  porous  enough  to  permit  prompt  combustion 
of  the  large  pieces  in  a  restricted  zone  at  the  tuyeres.  The  burning 
must  necessarily  extend  high  up,  thus  making  most  difficult  the 
concentration  of  combustion  and  localization  of  intensity  of  heat  nec- 
essary to  keep  the  slag-formation  zone  at  the  desired  point.  This 
introduces  a  possibility  of  irregular  working,  because  the  contraction 
in  volume  of  material  from  combustion  may  not  take  place  in  a 
manner  suited  to  the  batter  of  the  bosh.  Excessively  small  coke, 
even  if  of  the  desired  porosity  and  toughness,  introduces  irregularity 
by  reason  of  its  lessened  ability  to  keep  the  stock  colunm  open  enough 
to  allow  an  approximately  uniform  and  easy  upward  flow  of  gas 
throughout  the  section  of  the  stock  column.  The  blast  is  forced 
to  tear  a  local  channel  through  the  impervious  heap  of  material, 
which  is  not  conducive  to  proper  preheating  and  reduction  of  the 
other  parts,  thus  giving  rise  to  slips. 

Variations  in  the  porosity,  density,  cell  structure,  and  surface  of 
the  coke  may  also  cause  irregularity  and  slipping.  The  increase  in 
speed  with  which  a  furnace  works  when  more  combustible  coke  comes 
down  to  the  tuyeres  is  often  beyond  c<Mitrol  by  any  increase  in  blast 
temperature.  In  this  case  the  heat  of  the  blast  is  insufficient  to 
meet  the  demands  from  the  quicker  movement  of  the  burden  down 
to  the  hearth  and  chilling  takes  place,  or  slag  may  form  lower  down 
and  chill  on  the  walls,  and  the  charge  may  arch  and  hang.  Cor- 
rective measures,  such  as  using  smaller  tuyeres,  plugging  the  tuyeres, 
lightening  the  burden,  or  reducing  the  blast,  are  often  no  sooner 
applied  than  it  is  found  that  the  character  of  the  coke  is  changing 
to  a  normal  or  even  excessively  dense  character. 

Irregularity  in  the  size,  density,  structure,  and  surface  of  coke  is 
common  wherie  furnaces  are  furnished  coke  from  several  operations 
or  sets  of  ovens,  even  from  the  same  coal.  Variations  in  temperature 
and  time  of  coking  and  in  methods  of  drawing  and  quenching  cause 
variations  in  the  characteristics  of  the  coke  that  are  difficult  to  cope 
with,  even  with  coke  from  the  same  ovens.  The  development  of  tests 
that  will  indicate  the  probable  behavior  of  coke  in  a  furnace  from  a 
preliminary  study  of  its  physical  characteristics  and  a  rational  set  of 
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specifications  based  upon  physical  qualities  for  coke  would  afford 
fumace  men  much  relief  from  irregularity  in  practice  and  the  attend- 
ant difficulties  and  dangers  incident  to  tiie  hanging  and  sticking  of 
the  charge. 

ORES. 

The  tendency  in  blast-furnace  practice  throughout  the  country  is 
of  necessity  toward  the  use  of  ores  of  increasing  fineness  and  of 
decreasing  metallic  content  This  movement  has  been  retarded  from 
time  to  time  by  the  utilization  of  new  deposits  previously  unknown 
or  unavailable  by  reason  of  geographical  location  or  prejudicial  com- 
position and  by  the  fact  that,  as  the  richness  decreases  and  the  diffi- 
culty of  smelting  the  ore  at  a  profit  increases  by  reason  of  the  growing 
fineness,  leaimess,  and  cost  of  the  charge,  hitherto  excessively  ex- 
pensive processes  for  concentration,  and  agglomeration  of  the  metallic 
material  become  an  accepted  and  profitable  feature  of  practice. 

smxrr  of  chaboing  cx>ab8b  obe^ 

The  handicaps  to  safe  practice  introduced  by  the  character  of  the 
ores  charged  is  dependent  upon  their  size  and  uniformity.  Large 
lumps  of  ore  may  pass  through  the  fumace  without  becoming  com- 
pletely reduced.  The  effects  of  charging  occasional  lumps  of  ore  the 
size  of  a  man's  head  are  almost  impossible  to  detect,  but  occasionally 
some  of  the  hard  ores  are  insufficiently  crushed  for  fumace  use  or 
are  charged  in  excessive  amounts.  Experience  is  common  where  a 
proportion  of  15  or  more  per  cent  of  a  hard  "  old-range  "  ore  has 
immediately  caused '  difficulty.  The  presence  of  lumps  of  partly 
reduced  ores  beyond  the  point  where  indirect  reduction  takes  place 
and  where  the  direct  action  of  carbon  must  take  up  the  unfinished 
work  may  result  in  frequent  chilling  of  the  hearth  and  in  scouring 
cinder.  The  loss  of  equilibrium  at  the  fusion  zone  in  cases  where 
direct  reduction  is  in  high  proportion  results  in  insufficiently  carbu- 
rized  and  smelted  iron  and  also  partly  reduced  and  relatively  cold 
ore  being  precipitated  into  the  hearth.  Such  material  demands  a 
higher  heat  to  be  restored  to  normal  condition  than  does  partly 
plastic  iron  sponge  and  may  easily  result  in  ironed-up  tuyeres,  loss 
of  bronze  cooling  equipment,  and  chilled  holes  with  their  attendant 
danger  and  difficulty.  Considerations  of  correct  practice  no  less 
than  of  safety  require  further  crushing  of  any  ore  so  dense  or  diffi- 
cult to  reduce  that  it  comes  down  through  the  fumace  without  ade- 
quate indirect  reduction. 

EFFECT  OF  CUABQINQ  FINE  OBE. 

Sinular  conditions  obtain  when  the  burden  is  made  up  of  exces- 
sively fine  ore.    Even  the  most  ideal  distribution  of  burden,  proper 
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lines  of  furnace,  proper  grades  of  coke  and  limestone,  and  skill- 
ful practice  do  not  suffice  to  overcome  completely  the  erratic  be- 
havior of  such  burdens.  Several  factors  contribute  to  this.  Too 
high  a  proportion  of  fine  oxides  induces  deposits  of  finely  divided 
carbon  as  a  result  of  any  marked  variation  in  the  distribution  or  the 
rate  of  descent,  thus  causing  the  column  to  swell  and  stick  in  the 
upper  inwall.  The  black  fume  given  off  during  such  practice  is  an 
indication  of  this  carbon  deposition,  and  is  sometimes  observed  when 
a  large  proportion  of  flue  dust  or  exceptionally  fine  Mesabi  ore  is 
used.  This  results  in  frequent  slipping  at  the  top,  which  causes 
irregularity  in  charging,  a  condition  which  aggravates  and  magnifies 
any  tendency  toward  irregular  working  to  which  the  furnace  is 
prone.  Hanging  is  also  induced,  farther  down  in  the  furnace,  by  the 
fact  that  the  fine  materials  cause  an  excessively  dense  stock  column 
by  reason  of  their  easy  reducibility  and  their  consequent  increase  in 
fineness.  As  the  gas  can  ascend  through  such  a  charge  only  with 
difficulty  it  forces  irregular  paths  through  the  column.  The  tend- 
ency of  the  fine  material  to  pack  and  fill  the  interstices  of  the  charge 
precludes  much  possibility  of  the  gas  Qurrents  being  diverted  from 
their  segregated  paths  until  the  column  is  shaken  up  by  a  slip.  The 
channeling  permits  the  gas  currents  to  reach  the  top  of  the  charge 
without  giving  off  their  sensible  heat  and  those  parts  of  the  charge 
adjacent  to  the  streams  of  rapidly  ascending  hot  gas  bec<»ne  plastic 
Where  this  fine  plastic  material  comes  in  contact  with  the  walls,  it 
congeals  and  adheres  to  the  relatively  cool  surface,  and  results  in 
hanging,  scaffolding,  and  slipping.  Such  a^lomerated  material,  if 
dislodged,  and  portions  of  the  ore  charge  which  have  packed  and 
become  impervious  to  gas  currents,  may  arrive  at  the  melting  zone 
insufficiently  reduced.  Lack  of  reduction  of  fine  ores  gives  rise  to  all 
the  hearth  difficulties  and  slipping  which  characterize  difficultly  re- 
ducible ores,  or  ores  crushed  to  too  large  a  size. 

From  the  extreme  of  irregular  and  often  dangerous  practice  char- 
acterized by  an  extreme  proportion  of  fine  ores,  the  practice  improves 
as  their  proportion  is  reduced,  the  furnace  finally  exhibiting  cmly 
occasional  and  infrequent  symptoms  of  hanging.  It  is  often  difficult 
to  mark  the  point  at  which  poor  practice  begins,  or  the  percentage 
of  fines  which  definitely  causes  poor  working,  as  the  effect  of  the  tisq 
of  such  material  is  usually  cumulative,  possibly  not  immediately 
producing  a  slowing  up  in  production,  offgrade  iron,  or  heavy  slip- 
ping. Although  indeterminate,  there  is  a  point  where  further  inclu- 
sion of  fines  in  the  burden  is  detrimental  to  both  practice  and  safety, 
and  among  investments  calculated  to  promote  efficiency  and  improve- 
ment in  practice  and  working  conditicms,  equipment  for  the  proper 
treatment  of  the  ore,  often  only  a  small  proportion  of  the  total 
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charge,  holds  out  great  promise  not  only  of  effecting  the  desired 
object,  but  also  of  returning  interest  on  the  investment. 

STNTEBING  AND  BKIQUXTTINO   ORES   ANII  FLUE  DUST. 

4 

Many  processes  of  sintering,  nodulizing,  and  briquetting  ores  and 
flue  dust  are  in  use,  both  in  the  United  States  and  abroad,  which 
give  products  of  varying  strength,  reducibility,  density,  purity,  and 
cost  Their  introduction  among  American  works  has  been  slow, 
largely  on  account  of  the  possibility  of  using  ores  of  rich  iron  con- 
tent and  good  physical  characteristics,  and  also  on  account  of  con- 
flicting claims  of  promoters.  Definite  information  would  be  of 
value  to  furnace  men  in  enabling  them  to  apply  the  most  suitable  of 
the  several  available  processes  to  the  treatment  of  flue  dust  and 
fine  or  concentrated  ores.  Irregularity  in  the  chemical  and  physi- 
cal composition  of  ores  presents  hindrances  to  uniform  practice 
which  have  to  be  obviated  to  prevent  slipping  in  furnaces.  Physical 
variations  introduce  the  most  discouraging  handicaps,  as  the  abrupt 
irregularities  such  changes  of  burden  introduce  are  extremely  diffi- 
cult of  control,  and  the  variable  practice  induced  by  variation  in 
physical  constitution  must  often  be  faced  without  opportunity  for 
an  adjustment  of  burden  which  will  be  of  immediate  avail.  Irregu- 
lar working  due  to  changes  in  burden  cau  usually  be  controlled  be- 
tween surprisingly  narrow  limits  provided  the  furnace  crew  are 
watchful  and  prompt  to  take  action.  If  variations  in  the  appear- 
ance of  the  slag  and  iron,  the  brightness  and  liveliness  of  the  tuyeres, 
fluctuations  in  the  pressure,  movements  of  the  stock  line,  and  ap- 
pearance of  the  gas  are  disregarded,  the  furnace  will  inevitably 
become  beyond  control,  and  can  be  saved  only  by  rapid  changes  in 
burden,  blast  pressure,  and  volume,  or  the  use  of  heavy  coke  blanks. 
In  fact,  given  the  best  in  design,  construction,  and  material,  the 
fundamental  factor  of  success  and  safety  lies  in  the  interest  and  at- 
tention that  the  furnace  crew  manifest  in  their  work. 

FUBKACE  OPEBATIOK. 

VOLtTMB  AND  PRESST7RB  OF  THE  BLAST. 
INSUFFICIENT  VOLUME   OF  BIAST. 

Insufficient  volume  of  blast  is  seldom  the  cause  of  slips  nowadays, 
it  being  more  a  feature  of  former  practice  where  the  blowing 
capacity  of  the  engines  did  not  keep  pace  with  the  increase  in  size 
of  the  furnace.  A  few  years  ago,  when  *'  slow  driving  "  was  for  a  time 
emphasized  as  a  means  of  saving  coke  and  promoting  regularity  in 
furnace  practice,  numerous  plants  experienced  a  period  of  heavier 
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slipping  than  had  been  experienced  for  several  years  previous,  when 
fast  driving  had  been  the  dogan.  Instances  are  sometimes  «.- 
countered,  however,  of  deficient  volume  of  blast,  for  example,  in 
blowing  in  a  furnace  where  the  burden  ratio  is  increased  faster  than 
the  rate  at  which  the  volume  of  wind  is  stepped  up,  or  where  a  fur- 
nace sticks  tightly  and  the  blowing  equipment  does  not  deliver  the 
desired  amount  of  wind  against  the  higher  pressure.  Serious  diffi- 
culties are  always  introduced  by  this  condition,  as  the  low  volume 
of  air  and  gas  in  its  ascent  through  the  charge  always  selects  the 
easiest  path  and  it  does  not  penetrate  the  more  difficultly  permeable 
parts.  As  a  rule,  this  causes  hot  working  near  the  walls,  resulting  in 
scouring  cinder  from  an  inner  core  of  raw  unreduced  ore,  which 
requires  direct  reduction  and  an  excessive  amount  of  coke,  erosion 
of  the  inwall,  and  eventually  a  cold  hearth,  off-grade  iron,  and  slip- 
ping are  the  results.  If  the  ore  descends  faster  at  the  center,  with 
annular  rings  of  unreduced  and  insufficiently  prepared  material 
coming  to  the  smelting  zone  next  the  walls,  this  material  may,  in 
addition  to  the  above  results,  attach  itself  to  the  walls  and  thus  pro- 
mote scaffolds. 

EXCESSIVE   VOLUME    OF    BLAST. 

An  excessively  large  volume  of  air  in  proportion  to  the  hearth 
diameter  or  to  the  combustibility  of  the  coke  is  probably  responsible 
for  a  certain  proportion  of  furnace  troubles  from  hanging  and  slip- 
ping. Theoretically,  with  an  increase  in  the  blast  the  zone  within 
which  the  combustion  of  coke  is  confined  is  higher,  the  melting  zone 
is  raised,  and  whatever  erosion  of  lining  normally  occurs  takes  place 
higher  up  and  forms  profiles,  which  may  prove  detrimental  to  the 
resumption  of  normal  practice.  Scaffolding  is  made  more  pro- 
nounced at  such  times  because  with  a  higher  blast  volume  and  lower 
heat  than  on  normal  practice  a  limy  slag  is  sometimes  used  in  an 
attempt  to  keep  the  fusion  zone  down.  The  consequence  may  be 
that  under  the  normal  irregularities  constantly  encountered,  the  ex- 
cessive basicity  of  the  slag  magnifies  any  tendency  it  may  have  to 
build  on  the  wall  or  to  erode  the  lining,  erosion  being  especially 
promoted  by  the  abnormal  increase  in  temperature  of  the  lower  inwall 
section.  A  large  volume  of  blast  may  also  definitely  retard  the 
descent  of  the  charge,  and,  added  to  any  incipient  tendency  insuffi- 
cient in  itself  to  cause  sticldng,  may  introduce  slipping,  which  would 
not  develop  with  a  normal  blast  volume. 

niBEOULAB  VOLTTKS   AND  PBSSStTBX. 

Variations  in  the  rate  and  pressure  at  which  the  blast  enters  the 
furnace  have  from  time  to  time  been  seized  upon  as  explaining  the 
constant  irregularities  to  which  furnaces  are  prone.     As  regards 
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constant  volume,  this  is  closely  attained  by  the  use  of  modem  types 
of  engine  governors  and  of  recording  tacnometers  and  revolution 
counters  to  check  the  quantity  of  air  blown  and  regularity  of  de- 
livery. As  a  rule  the  only  variations  are  chiefly  introduced  by  vary- 
ing moisture  content  and  temperature  of  the  air  and  by  air  leaks  at 
the  engine  and  mains.  The  effects  of  leaks  are  perhaps  not  serious 
when  kept  at  a  minimum,  but  if  they  are  excessive,  as  indicated, 
say,  by  a  consumption  hour  of  62  cubic  feet  of  air  per  pound  of  coke, 
then  if  the  pressure  goes  up  because  of  hanging,  the  leaks  increase 
the  proportional  amount  of  air  lost.  Consequently  the  furnace 
receives  less  air  and  generates  less  heat,  although  more  heat  is  re- 
quired in  the  hearth  and  there  is  a  constant  loss  by  radiation  and 
tuyere  water,  and  therefore  the  furnace  gets  cold  very  quickly.  Be- 
fore a  furnace  is  blown  in,  the  tuyere  stocks  should  be  stopped  with 
blank  flanges,  an  engine  turned  over  slowly  with  the  snort  valve 
partly  open,  and  then  each  stove  be  put  on  the  line.  Inspection  of 
hot  and  cold  blast  valves,  doors,  bolted  flanges,  and  keyed  junctions 
will  usually  disclose  a  surprisingly  large  number  of  leaks.  Hot-blast 
and  chimney  valves  should  be  inspected  once  a  week  for  air  leaks. 
The  delivery  efficiency  of  the  air  tubs  can  be  checked  by  cards  and 
temperature  observations. 

After  air  leaks  and  piston  slippage  have  been  eliminated  and  the 
engines  are  running  at  uniform  speed  there  remain  moisture  and 
temperature  variations  of  the  air  at  the  blowing  tubs.  The 
use  of  air  that  has  been  dried  eliminates  these  variations,  but 
as  furnace  men  are  slow  to  adopt  this  method,  the  problem  becomes 
one  of  obtaining  the  advantages  of  dry  blast  by  other  means.  The 
expedients  resorted  to  are  to  draw  the  air  from  outside  the  blowing 
room,  obviating  the  high  temperatures  and  moisture  contents  found 
in  the  blowing  room,  and  increasing  and  decreasing  the  revolutions 
2  per  cent  for  every  change  of  10°  F.  in  the  temperature  of  the  air. 
Both  practices  prevail  to  a  limited  extent  and  solve  approximately 
the  problem  of  delivering  a  constant  weight  of  oxygen  to  the  furnace. 
The  effects  of  varying  moisture,  usually  unimportant  in  cold  weather, 
at  times  become  detrimental  to  uniform  operation  in  the  summer. 
Theoretically  an  increase  of  one  grain  per  cubic  foot  in  the  moisture 
content  of  the  blast  should  cause  a  change  of  25^  F.  in  the  combus- 
tion temperature  and  a  change  of  100°  F.  in  blast  temperatures 
should  introduce  a  change  of  about  46®  F.  in  the  combustion  tempera- 
ture. The  obvious  remedy  for  variations  in  moisture  content  is  to 
adjust  the  blast  temperature  to  meet  them.  However,  as  other  varia- 
tions in  furnace  conditions  may  have  an  effect  opposite  to  that  of  the 
moisture  variations,  introducing  a  mathematically  calculated  cor- 
rection for  moisture  may  cause  more  serious  variations  than  the  one 
which  is  supposedly  being  eliminated.    Such  an  adjustment  has  been 
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tried,  but  its  use  has  not  lasted  long,  as  an  experienced  blower  or 
hot-blast  man  can  judge  the  necessity  of  changing  the  heat  more 
quickly  and  accurately  than  can  be  accomplished  by  adhering  to  a 
calculated  schedule. 

DISTRIBUTION    OF  BIA8T. 

Severe  slips,  loss  of  ore  dust,  and  similar  troubles  are  often  caused 
by  the  irregular  distribution  of  blast  at  the  tuyeres.  Apart  from  in- 
correct design  of  the  hot-blast  main  and  bustle  pipe,  irregular  distri- 
bution of  air  may  be  caused  by  the  accumulating  of  dirt  in  the  bustle 
pipe,  by  channeling  of  descending  stock  by  the  blast,  or  by  a  tuyere 
opening  being  directly  at  the  juncture  of  the  hot-blast  main  and 
bustle  pipe.  Cases  in  which  one  side  of  a  furnace  is  receiving  more 
than  its  share  of  blast  are  characterized  by  vertical  shearing  of  the 
column  of  stock,  owing  to  faster  driving  on  that  side;  the  top  of 
the  stock  column  becomes  sloping,  being  lower  over  the  tuyeres  which 
are  driving  fast,  thus  increasingly  disarranging  the  distribution  on 
top ;  this  distortion  of  distribution,  the  folding  and  shearing  of  the 
colunm,  and  channeling  by  gas  cause  the  furnace  to  work  stiffly 
and  irregularly.  The  combined  effect  of  fast  and  slow  driving  and 
of  poor  distribution  must  be  combatted,  the  resultant  sloppy  or 
ironed-up  tuyferes,  scaffolding,  scouring  cinder,  slipping,  and  off- 
grade  iron  being  alternately  indicative  of  almost  every  possible  cause 
of  irregularity.  A  portable  pyrometer  should  be  used  at  regular 
intervals  to  detect  this  condition,  as  a  higher  temperature  at  any 
tuyere  indicates  that  more  air  is  entering  that  particular  tuyere.  If 
two  or  more  tuyeres  are  taking  regularly  and  persistently  an  undue 
proportion  of  the  blast,  the  size  of  their  openings  should  be  promptly 
reduced  in  order  to  equalize  the  blast  distribution.  The  bustle  pipe 
should  be  cleaned  regularly,  as  large  accumulations  of  dust  result 
in  a  few  months'  operation  when  dirty  gas  is  used  at  the  stoves. 

CHANNELING  FBOH  THE  BLAST. 

Channeling  over  one  tuyere  is  not  infrequent  and  is  easily  detected 
from  the  appearance  of  the  material  in  front  of  the  tuyere;  often 
unmelted  scrap  and  lumps  of  unreduced  ore  and  uncalcined  lime- 
stone come  down  to  the  tuyere  persistently.  Channeling  over  one 
tuyere  is  not  as  serious  as  over  two  or  more  tuyeres,  nor  are  these 
conditions  to  be  confused  with  the  normal  variations  in  the  bright- 
ness and  liveliness  of  different  tuyeres  from  hour  to  hour.  Persistent 
channeling  at  some  definite  side  has  to  be  corrected  to  avoid  erosion 
of  the  lining.  When  such  channeling  takes  place  directly  beneath  a 
gas  offtake,  it  is  sometimes  due  to  excessive  lifting  of  stock  at  the 
top,  and  to  check  it  plugging  the  tuyeres  on  that  side  for  a  couple 
of  casts  must  be  resorted  to. 
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BLAST  FBESSUBE. 


Variations  in  pressure  are  usual  in  normally  working  furnaces, 
even  between  furnaces  of  the  same  design  working  on  the  same 
burden  and  practice,  and  the  pressure  can  vary  over  a  somewhat 
wide  range  without  apparently  materially  aflfecting  the  working  or 
tending  to  cause  slipping.  The  pressure  of  the  blast  is  often  held 
to  have  a  direct  bearing  on  the  penetration  of  air  into  the  center 
of  the  hearth.  This  is  because,  if  the  air  is  assumed  to  be  delivered 
in  constant  quantity,  the  delivery  of  a  given  volume  through  a 
smaller  area  should  result  in  a  higher  back  pressure  within  the  blast 
main  and  also  in  a  higher  velocity  of  discharge.  That  a  change  in 
tuyere  diameter  resulting  in  greater  velocity  has  such  a  marked  or 
beneficial  effect  as  is  indicated  by  the  frequency  with  which  this 
means  is  resorted  to  is  doubtful.  Penetration  of  the  blast  to  the 
center  of  the  hearth  is  of  course  essential,  but  rather  than  its  being 
due  to  the  pressure  of  a  jet  of  air,  it  is  more  probably  due  in  part 
to  the  temperature  of  the  blast  and  of  the  hearth,  as  the  higher  the 
temperature  is  the  more  eagerly*  will  the  oxygen  combine  with  the 
carbon  and  the  further  it  will  travel,  and  in  part  to  the  blast  being 
supplied  in  sufficient  volume  and  against  sufficient  pressure  to  fill 
all  void  spaces,  tending  to  flow  laterally  before  it  disperses  upward 
through  the  less  permeable  overlying  material.  A  glance  into  a 
tuyere  suffices  to  show  that  the  incoming  air  does  not  drive  direct 
to  any  one  part  of  the  hearth,  nor  in  a  straight  line,  but  that  it 
expands  and  flows  into  the  cavities  or  voids  in  the  coke  filling  the 
hearth. 

No  matter  at  how  high  a  pressure  a  furnace  is  blown,  if  the  burden 
is  not  properly  charged  and  distributed  the  gases  will  find  the  chan- 
nel of  least  resistance,  and  if  this  is  up  through  the  column  of  burden 
rather  than  through  to  the  core  of  the  hearth  there  will  be  little 
chance  of  uniform  work.  Forcing  the  blast  pressure  up  to  16.5 
pounds  by  inserting  smaller  tuyeres  can  give  only  a  semblance  of 
the  conditions  at  another  furnace  doing  regular  work  on  a  larger 
tuyere  area,  where  the  blast  pressure  also  averages  16.5  pounds. 
The  essential  condition  for  penetration  by  the  blast  is  to  have  suffi- 
cient back  presssure  inside  the  furnace,  and  this  is  attained  by  cor- 
rect charging.  There  is  naturally  a  limit  to  the  size  of  tuyeres,  a 
certain  initial  pressure  of  the  blast  is  necessary,  and  an  increase  in 
this  initial  energy  or  velocity  will  increase  the  area  of  horizontal  sec- 
tion reached  by  the  blast.  This  is  brought  out  by  experience  with 
wide  hearths.  However,  in  instances  where  insufficient  penetration 
is  regarded  as  the  cause  of  irregular  working  of  a  furnace  receiving 
the  normal  amount  of  air  it  is  often  found  that  the  difficulty  is  in  the 
arrangement  of  materials  on  top. 
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SEIiECnON  OF  TUTBBES. 

In  order  to  effect  penetration  by  the  blast  long  tuyeres  have  been 
used,  18  inches  being  the  length  usually  substituted  for  the  standard 
length  of  12  inches.  When  a  furnace  tends  to  work  toward  the  walls 
such  expedients  are  useful  in  temporarily  overcoming  this  condi- 
tion. The  cause  is  essentially  some  defect  in  charging,  however,  and 
the  continued  use  of  a  long  tuyere  may  easily  introduce  serious 
obstacles  to  smooth  working,  in  that  it  produces  a  flatter  bosh.  Such 
distortion  of  the  bosh  contour  affords  a  base  on  which  the  column  of 
descending  stock  more  easily  comes  to  rest  The  imx>ortant  bearing 
the  length  of  tuyeres  has  on  the  smoothness  with  which  a  furnace 
works  may  be  illustrated  by  the  fact  that  in  one  instance  substi- 
tuting 6i  by  9  inch  for  CJ  by  12  inch  tuyeres  transformed  a  16-foot 
6-inch  hearth  furnace  from  a  very  stiff  working  to  a  regular  working 
furnace. 

This  indicates  also  the  marked  effect  the  bosh  shape  has  on  smooth- 
ness. A  steeper  bosh  affords  less  foothold  for  arching  and  scaffcrfd- 
ing  and  probably  does  not  jam  the  coke  coming  down  to  the  tuyeres 
as  tightly  as  would  a  flatter  bosh,  thus  permitting  easier  penetration 
of  the  blast  to  the  centen      * 

CHANGING   THE   TUTEKES. 

A  few  furnace  men  believe  in  a  cycle  of  tuyere  changing — for  in- 
stance, changing  from  sets  of  6  by  12  inch  to  6^  by  9  inch  tuyeres, 
thence  to  6^  by  12  inch  to  6  by  9  inch  and  back  to  6  by  12  incL  In 
this  way,  so  it  is  claimed,  the  furnace  does  not  settle  down  to  a  uni- 
form method  of  working,  in  which  hanging  and  slipping  occur  at 
approximately  definite  intervals.  Seemingly  such  a  procedure  has 
considerable  merit,  because  distribution  is  never  perfect,  and,  con- 
sequently, there  should  always  be  a  proneness  to  faster  work  in  some 
perpendicular  circle  or  ring.  If  the  charge  tends  to  work  away  from 
the  walls  excessively,  changing  the  tuyferes  as  indicated  above  would 
tend  to  make  the  furnace  work  hotter  near  the  walls  at  times  and 
prevent  scaffolding.  Conversely,  if  the  tendency  is  to  work  on  the 
walls,  changing  the  tuyferes  may  decrease  the  temperature  near  the 
lining  often  enough  to  check  detrimental  erosion.  Obviously  such 
tuyfere  changes  have  to  be  made  with  some  appreciation  of  the  needs 
of  the  furnace,  as  shown  by  its  driving  or  smoothness  of  operation. 

A  method  of  combating  stiffness  which  is  decreasing  in  popularity 
is  to  blank  half  of  the  tuyferes  on  the  side  opposite  from  where  the 
presence  of  a  scaffold  is  indicated.  This  practice  is  still  followed  at 
a  few  plants,  and  the  time  over  which  the  tuyeres  remain  blanked 
varies  from  four  hours  up  to  three  days.    Good  results  are  claimed. 
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but  many  furnace  men  believe  that  the  practice  introduces  as  many 
irregularities  as  it  is  supposed  to  eliminate. 

There  is  naturally  a  tendency  to  resort  to  tuyere  changes  to 
correct  irregular  working  and  slipping,  because  there  is  still  much 
to  be  accomplished  before  technical  control  of  furnace  practice  is 
perfect,  and  those  variables  most  under  the  control  of  furnace  men 
are  most  often  changed  to  cure  indefinite  and  obscure  troubles. 
On  this  account  the  crerw  often  resorts  to  tuyere  changes  so  fre- 
quently that  the  superintendent  is  inclined  to  avoid  them,  except 
imder  a  definitely  indicated  necessity.  For  this  reason  a  majority 
of  furnaces  are  blown  with  the  same  size  tuy&re  from  about  the 
second  to  the  last  month  of  the  blast,  the  method  of  blanking  oppo- 
site tuyeres  being  resorted  to,  as  a  rule,  only  in  event  of  irregularities 
amenable  to  treatment  by  variation  in  tuyere  area. 

PREVENTION  OF  LEAKS  IN  THE  WATER-COOLING  SYSTEM. 

Leaks  in  the  bosh-cooling  system  or  at  the  stove  valves  are  a  some- 
what frequent  cause  of  irregular  working  and  slips,  and  are  often 
most  difficult  to  detect.  Leakage  of  water  into  the  furnace  may 
be  indicated  only  by  scouring  cinder,  cold  gas  in  the  bosh,  sloppy 
tuyeres,  or  slipping;  at  the  same  time  it  is  difficult  to  detect  gas 
by  the  discharge  water.  It  is  easier  to  detect  gas  if  the  pressure 
of  water  at  the  circle  pipe  supplying  the  bosh  is  carried  at  about 
4  pounds  less  than  the  blast  pressure.  Under  such  conditions  gas 
from  inside  the  furnace  will  force  itself  into  the  plate  and  tuyere 
in  event  of  a  leak,  and  gas  will  show  at  the  water  discharge  almost 
immediately.  A  small  gage  should  be  attached  to  the  circle  pipe 
so  that  the  pressure  carried  can  be  checked. 

That  some  defects  in  old  linings  are  due  to  minute  leaks  on  the 
cooling  bronze  is  indicated  by  the  fact  that  when  plates  from  an  old 
lining  are  tested,  preparatory  to  use  on  a  new  lining,  often  as  many 
as  50  per  cent  may  be  rejected  owing  to  small  cracks  and  pinholes, 
the  existence  of  which  could  not  be  determined  while  on  blast. 
Testing  of  all  bronze,  new  as  well  as  old,  at  75  to  100  pounds 
pressure  is  essential  to  eliminate  leak&  Possibly  the  best  way  to 
detect  minute  leaks  is  to  immerse  the  plate  or  tuyere  in  water  and 
apply  an  air  pressure  of  about  75  pounds.  The  frequent  analysis  of 
the  scrap  used,  as  failure  and  especially  cracking  develops,  is  a  valu- 
able check  on  the  probable  behavior  of  the  metal.  The  use  of  pure 
copper  has  proved  of  advantage  in  causing  freedom  from  crack- 
ing and  in  increase  of  life,  and  analyses  will  sometimes  develop  the 
fact  that  deleterious  alloying  has  crept  in  through  mistakes  in  the 
use  of  material  or  scrap.  Accurate  alloy  analyses  are  more  difficult!) 
than  the  usual  analyses  in  blast-furnace  laboratories;  and  if  mq^i 
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than  traces  of  bismuth,  lead,  antimony,  arsenic,  or  iron  are  found 
the  analysis  should  be  verified  before  the  metal  is  condemned. 

Certain  sections  of  the  cooling  system,  such  as  the  tuyeres  and 
the  first  two  rows  of  plates  above  the  tuyferes,  are  subject  to  the 
maximum  effect  of  the  combined  action  of  the  blast,  slag,  and  iron, 
impinging  on  the  surface,  in  addition  to  the  temperature,  and  are 
more  subject  to  cracking,  burning,  and  leaking  than  other  parts  of 
the  system.  Some  plants  test  the  discharge  water  from  these  tuyeres 
and  plates  for  gas  every  afternoon  in  order  to  detect  any  small  leaks. 

The  use  of  screens  in  the  bosh-water  supply  line  is  of  marked 
value  in  preventing  bronze  being  burned  from  slackening  or  stop- 
page of  the  water  supply  by  debris.  Begular  flushing  of  each  plate, 
cooler,  and  tuyere  with  high-pressure  water  also  helps  to  eliminate 
leaks,  especially  in  the  bosh  plates,  because  the  deposits  of  mud  are 
stirred  up  and  ejected.  The  discharge  pipe  over  the  trough  should 
be  in  such  position  that  the  men  do  not  have  to  go  on  the  bustle 
pipe  to  see  the  water,  but  can  see  it  easily  from  the  cast-house  floor. 
The  employment  of  every  means  which  facilitates  watching,  testing, 
and  keeping  the  water  supply  and  discharge  going  is  urgent  on  the 
basis  of  efficient  furnace  practice  as  well  as  freedom  from  slips. 

EFFECT  OF  WORKING  AT  HIGH  TEMPERATURES. 

The  use  of  high  heat — ^that  is,  blast  temperatures  upward  of  1,050'' 
F. — is  frequently  productive  of  continued  hanging  and  sticking.  This 
was  originally  attributed  to  the  use  of  Mesabi  ores.  As  much  of  the 
future  supply  of  ores  must  come  from  the  Mesabi  district,  and  good 
practice  and  tonnage  could  be  obtained  with  lower  heats,  800°  to 
1,000°  F.,  there  has  not  been,  until  recently,  any  widespread  efforts  or 
facilities  for  applying  higher  heats.  By  changes  in  the  lines  of  the 
furnace,  in  materials,  and  in  slag,  several  plants  have  succeeded  in 
operating  at  temperatures  of  1,100®  to  1,350°  F.  without  continual 
slipping  and  hanging. 

Recognition  of  the  fact  that  the  sulphur  content  of  the  coke  and 
the  basicity  of  the  slags,  or  the  lines  of  the  furnace,  either  by  desipi 
or  by  the  use  of  low  heats,  or  both,  are  unsuitable  to  readjustments  in 
heat  practice,  will  do  much  to  eliminate  excessive  slipping  due  to 
high  heat.  Although  examples  are  not  lacking  of  furnaces  hitherto 
on  low  heat  being  worked  into  the  use  of  high  heat,  it  has  invariably 
been  the  result  of  gradual  increase  in  heat  for  weeks  and  months, 
accompanied  by  a  progressional  increase  in  burden  and  decrease  in 
slag  basicity,  with  repeated  setbacks  and  stiff  furnace  conditions. 
Attempts  to  rush  the  furnace  to  higher  temperatures  may  be  set 
down  as  ineffectual,  as  the  use  of  high  heat  involves  such  changes  in 
practice,  considerations  of  profile  of  lining,  and  improvements  in 
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distribution  that,  unless  these  are  obtained,  pronounced  slipping  will 
result. 

COMPOSITION  OP  SLAO. 

Unsuitable  slag  composition  is  a  prolific  cause  of  hanging*  There 
may  be,  and  probably  are,  several  complex  reasons  for  this,  but  one 
eyident  reason  is  variations  in  temperature.  If  the  furnace  is  run 
at  a  higher  heat  the  coke  consumption  per  ton  of  burden  is  lower. 
Consequently  there  is  less  ash  to  be  fluxed  and  a  considerably  de^ 
creased  volume  of  slag  per  ton  of  iron.  With  this  smaller  volume 
persistent  variations  in  the  charge  will  produce  a  wider  variation  in 
the  slag  than  with  the  former  large  volume,  so  that  it  may  easily 
occur  that  a  swing  toward  increased  basicity  or  acidity  will  produce 
an  exceedingly  variable  composition  of  slag,  which  a  higher  slag 
volume  would  take  care  of  without  showing  as  great  &  change  or 
without  difficulty  or  detrimental  results.  This  liability  to  the  forma- 
tion of  excessively  basic  slag  when  a  Umy  slag  is  carried  in  low 
volume  on  high  heat  is  a  deterring  factor  in  the  use  of  limy  slag. 
An  insufficient  volume  of  slag  to  cope  with  the  variations  in  the 
burden  material  will,  of.  course,  cause  sticking  and  slipping,  even  at 
moderate  heat,  but  even  more  so  on*^  lower  slag  volume  and  high 
heat.  Such  a  condition  is  not  infrequent,  and  is  characterized  by  the 
statement  that  the  furnace  is  too  "  dry."  Trying  to  keep  the  slag 
volume  down,  when  high-sulphur  coke  is  charged,  by  the  use  of  limy 
slag  is  likely  to  cause  hanging,  if  a  variation  in  materials  or  charging 
increases  the  proportion  of  basic  material  in  the  slag.  There  are 
sometimes  many  perplexing  factors  to  be  adjusted  in  burdening  a 
furnace,  especially  where  the.  situation  is  complicated  by  such  prob- 
lems as  abnormally  high  or  low  alumina  content,  excessive  sulphur 
content,  the  proper  proportioning  of  available  fluxes,  the  relation  of 
the  basicity  or  acidity  of  the  slag  to  the  silicon  and  sulphur  content 
desired  in  the  iron,  or  production  of  slag  for  commercial  purposes. 
Usually  recourse  must  be  had  to  previous  practice,  or,  if  that  be  lack- 
ing, to  a  series  of  cut-and-try  experiments.  The  attainment  of  the 
correct  slag  is  not  always  assured,  and  such  uncertainty  is  not  con- 
ducive to  good  work,  especially  when  the  slag  does  not  seem  to  be 
all  that  might  be  desired,  and  consequently  there  is  naturally  a 
tendency  to  make  changes.  Some  of  the  difficulties  incident  to  the 
use  of  certain  ore  mixtures  or  to  the  adjustment  of  practice  to  operat- 
ing handicaps  is  undoubtedly  due  to  the  unsuitable  composition  of 
the  slag.  It  must  be  admitted,  however,  that  at  times  the  slag  is 
made  the  scapegoat  for  various  troubles,  such  as  error  in  charging, 
deficient  distribution,  etc.,  to  which  it  has  not  the  least  relation.  To 
correct  such  irregularities  the  slag  is  made  limy  or  sharp  or  the  alu- 
mina or  magnesia  content  is  altered,  when  any  of  these  factors 
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actually  are  at  the  most  only  remotely  responsible  for  the  behavior 
of  the  furnace. 

STOCKING  AND  CHABOINO. 

Much  can  be  done  toward  insuring  uniform  and  regular  operation, 
with  freedom  from  slipping,  by  care  and  thought  in  stocking  and 
charging.  The  widely  varying  analyses  and  fineness  of  charges  from 
which  many  of  the  Mesabi  mixes  are  built  up,  the  fluctuations  to 
whidi  the  analysis  of  so  many  ^  old-range ''  ores  are  liable,  and  the 
certainty  that  wide  yariations  in  quality  will  be  encountered  in  the 
ore  during  a  year's  run,  require  as  much  care  in  handling  ores  as  in 
other  items  of  practice. 

Furnace  troubles  are  usually  more  numerous  in  summer  than  in 
winter  and  at  plants  having  inadequate  stocking  space  for  winter 
consumption.  In  using  ores  direct  from  the  cars  during  the  summer 
months  many  of  the  difficulties  are  attributed  to  proved  variations 
in  the  shipments.  Plants  formerly  dependent  upon  direct  ship- 
ments have  effected  marked  improvements  in  practice  by  providing 
stocking  space  sufficient  for  winter  and  also  summer  requirements, 
the  ores  being  handled  through  the  stock  pile.  This  eliminates  the 
annoyance  of  frequent  changes  of  burden,  spreads  cargo  variations 
over  a  wider  period,  and  removes  the  necessity  of  steaming,  thawing, 
and  dynamiting  in  winter.  Sufficient  space  should  be  insured  to 
avoid  any  necessity  for  mixing  of  ore&  The  practice  of  stocking 
together  ores  that  are  similar  in  physical  character  but  differ  in 
composition  or,  more  frequently,  are  similar  in  composition  but 
differ  in  texture,  is  often  made  necessary  by  the  limited  stocking 
facilities.  In  so  doing,  the  expense  and  advantage  of  selected  mix- 
ing of  ore  at  the  mines  is  lost,  and  occasional  serious  irregularity  in 
furnace  operation  may  result. 

Narrow  stockyards,  where  capacity  is  obtained  by  extension  be- 
yond the  limits  of  the  space  occupied  by  the  stove  and  furnace, 
require  stocking  by  dumping  on  the  apex  of'  the  heap.  When  ores 
are  stocked  in  this  way  the  pile  contains  a  high  proportion  of  coarse 
material  near  the  floor,  grading  up  to  the  finer  portions  on  top. 
Where  possible  each  shipment  should  be  dropped  over  the  surface  of 
the  stock  pile  evenly,  so  that  the  grade  of  ore  will  be  more  uniform 
throughout  the  season,  and  also  from  hour  to  hour.  After  uni- 
formity in  stocking  has  been  obtained  the  ore  should  be  taken  off 
evenly  and  uniformly  from  the  top,  rather  than  removed  in  deep 
local  sections  or  cuts. 


WEIGHTNG  AND  LOADING. 

ents  many  opportunities 


possibility. 
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hand-filled  furnaces  accuracy  in  the  weighing  of  charging  buggies 
should  be  required,  on  account  of  the  large  number  of  weighings 
per  charge.  The  use  of  larry  cars  may  reduce  the  number  of  weigh- 
ings per  charge  to  two,  and  the  less  the  better,  as  the  chance  for  error 
in  weighing  is  reduced  and  the  furnace  may  be  more  easily  kept  full. 
Utilization  of  the  full  capacity  of  the  bins  seldom  requires  urging. 
When  the  maximum  amount  of  bin  space  in  proportion  to  the  per- 
centage of  ores  used  has  been  provided,  the  superintendent  should 
insist  on  drawing  in  turn  f  n»n  the  various  bins  of  each  grade.  Pos- 
sible sharp  changes  in  quality  are  thus  spread  over  a  longer  period 
and  the  change  made  more  gradual. 

The  car  operator  is  more  likely  to  do  this  work  correctly  if  he  has 
the  proper  facilities,  and  in  view  of  the  importance  of  his  work  every 
detail  should  be  carefully  worked  out.  The  ore  and  limestone  should 
be  under  perfect  control  while  being  withdrawn  from  the  bin. 
Chutes  should  be  closely  spaced  to  preclude  tendency  toward  sticking 
in  the  bin,  and  the  contour  of  bins  and  chutes  should  be  designed 
to  promote  movement  of  the  entire  contents.  Few  things  are  more 
discouraging  to  correct  weighing  than  difficulty  in  getting  the  ore 
to  run,  while  the  furnace  is  continually  keeping  ahead  of  the  stock- 
house  force.  Efficiency  in  weighing  is  promoted  by  equipping  the 
plant  with  larry  cars  with  automatically  recording  scales,  from 
which  the  weight  of  each  component  of  every  charge  can  be  checked. 
It  is  unreasonable  to  expect  a  man  to  do  his  best  under  unfavorable 
conditions.  A  dark,  cold,  windy,  dirty,  wet,  or  dusty  stock  house  is 
not  conducive  to  careful  work  in  weighing. 

CHASGINQ  COKE. 

The  essential  feature  in  charging  coke  is  to  obtain  the  minimum 
breakage  from  the  cars  to  the  furnace  and  to  avoid  charging  dust 
and  breeze.  For  this  reason  the  location  of  one  or  two  large  bins 
in  proximity  to  the  skip  is  preferable  to  many  small  bins  from  which 
the  coke  must  be  dropped  and  conveyed  to  the  skip  by  a  larry  car. 
The  accumulation  of  fine  coke  dust  and  breeze  in  the  coke  pockets, 
owing  to  the  profile  of  the  bin  not  conforming  to  the  angle  of  repose 
of  the  coke,  is  more  obnoxious  than  pockets  of  fines  in  ore  bins, 
because  delay  in  spotting  coke  drags  on  the  trestle,  with  consequent 
drawing  on  the  dead  pockets,  with  their  accumulation  of  fines,  is 
certain  to  cause  furnace  trouble.  Begularity  in  spotting  and  dump- 
ing coke  drags  contributes  markedly  to  regularity  in  furnace  work, 
as  was  shown  at  one  plant  when  an  attempt  to  reduce  labor  costs  by 
eliminating  night  unloading  of  coke  in  pockets  which  were  of  inad- 
equate size  and  poor  design  led  to  most  unsatisfactory  work,  and 
return  to  smooth  furnace  work  was  obtained  only  by  frequent  un- 
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loading  at  night  as  well  as  by  day  and  by  keeping  the  height  of  coke 
in  the  bin  above  a  fixed  limit. 

SIZE  OF  OOKK  UNIT  CHASiGOBD. 

The  adjustment  of  the  size  of  the  coke  unit  chained  depends  on 
the  size  of  the  furnace,  character  of  the  burden,  blast  pressure,  dis- 
tribution of  stock  in  the  furnace,  limitations  of  the  stock-house 
system,  and  also  at  times  upon  indeterminate  factors  so  obscure  as 
to  lead  to  the  belief  that  individual  furnaces  possess  characteristics 
and  perversities  of  their  own.  The  practice  of  furnaces  woiidng  on 
cokes  of  open  structure  and  rapid  combustibility  has  been  at  times 
improved  by  increasing  the  size  of  the  coke  unit.  Increases  in 
volume  of  the  coke  unit  of  up  to  50  per  cent  have  effected  an  increase 
in  pressure  of  2  to  4  pounds,  thus  counteracting  the  tendency  toward 
a  drop  in  pressure  peculiar  to  fast-burning  coke&  Unsatisfactory 
work,  where  fast  driving  was  the  practice,  has  yielded  in  several 
instances  to  an  increase  in  the  coke  unit.  Moderate  driving,  in  gen- 
eral, has  been  most  successful  with  coke  units  of  such  size  that  ap- 
proximately 85  to  90  units  are  required  per  day ;  in  fact,  the  propor- 
tioning of  the  most  advantageous  unit  of  burden  may  depend  more 
upon  the  selection  of  a  weight  that  requires  nearly  constant  charging, 
than  upon  any  other  factor. 

The  size  of  the  coke  unit  at  furnaces  producing  500  tons  of  iron 
per  day,  and  of  about  22,000  cubic  feet  capacity,  varies  from  7,500 
pounds  up  to  16,000  pounds,  and  satisfactory  work  is  done  over  this 
range.  The  extremely  large  coke  units  are  in  a  general  way  confinal 
largely  to  furnaces  which  are  more  notable  for  production  records 
than  for  fuel  economy.  A  coke  unit  of  9,000  to  11,000  pounds  seems 
to  give  the  best  fuel  economy  and  smoothest  work  on  furnaces  of 
the  capacity  mentioned. 

SEQT7ENCE  OF   CHABOINO  COKE,   QBE,   AND   FLUX. 

Except  with  a  certain  type  of  distributor,  it  is  not  found  produc- 
tive of  regular  work  to  dump  the  coke,  ore,  and  limestone  with  one 
drop  of  the  large  b^ll. 

In  this  case  a  large  coke  unit  is  used,  about  15,000  pounds,  but  it 
is  split  as  follows :  Two  skips  of  coke,  one  of  ore,  two  of  coke,  one 
of  ore,  and  two  of  limestone,  making  seven  skip  loads  in  all  on  the 
large  bell,  which  is  then  lowered.  A  m<»e  common  practice  at 
present  than  dumping  all  the  materials  of  a  charge  at  one  lowering 
of  the  large  bell  is  to  split  the  charge  as  follows :  Seventy-five  thoo- 
sand  pounds  of  coke  is  charged  and  the  bell  lowered;  next  15,000 
pounds  of  ore  and  3,300  pounds  of  limestone  are  chaiged  and  the  bell 
lowered ;  then  7,500  pounds  of  coke,  15,000  pounds  of  ore,  and  3,330 
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pounds  of  limestone  are  charged  and  the  bell  lowered.  .Other  plants 
make  two  drops  of  the  bell,  charging  the  coke  in  with  one  drop,  and 
the  ore  and  limestone  in  with  a  second  drop.  This  method  of  filling 
places  the  fuel  and  the  burden  in  separate  strata,  and  the  coke,  being 
comparatively  open  in  comparison  to  the  ore,  should  allow  the  gas 
currents  to  equalize  themselves  in  each  successive  layer,  and  should 
prevent  the  formation  of  chimneys  up  through  the  ore.  Channeling 
by  gas  is  detrimental,  and  the  fact  that  experimental  changing  from 
two  drops  to  one  drop  of  the  large  Sell  usually  results  in  irregular 
work  and  slipping  lends  a  certain  plausibility  to  the  theory.  As  the 
volume  of  the  charge  of  ore  and  stone  is  roughly  one-half  that  of 
the  coke  charge,  the  minimum  size  of  coke  unit  is  reached  when  the 
small  volume  of  ore  will  not  cover  the  fuel.  If  the  ore  charge  tends 
to  work  toward  the  wall,  the  limit  in  decrease  in  size  of  ore  unit  is 
reached  much  sooner  than  if  it  were  spread  out  in  a  level  or  nearly 
level  layer  over  the  top  surf jetce  of  the  coke.  On  a  16-foot  stock  line, 
16,000  pounds  of  ore  and  4,400  pounds  of  limestone  is  about  the 
smallest  charge  that  will  work  satisfactorily. 

Theoretically,  the  thicker  the  layers  of  ore  and  coke  the  better 
stratified  are  the  coke  and  ore  charges.  The  reason  that  the  limits  are 
narrow  for  a  given  furnace  is,  probably,  that  a  thick  ore  charge  may 
tend  to  channel  in  the  deep-ore  blanket,  or  that  with  an  excessively 
large  weight  of  ore  charged  as  a  unit,  the  annular  heap  next  the  wall 
becomes  too  thick  and  dense  in  comparison  to  the  depth  in  the  center. 
After  the  most  advantageous  weight  of  ores  for  a  charging  unit  has 
been  fixed  upon,  the  method  of  dumping  the  components  of  the 
charge  offers  many  possibilities,  and,  similarly,  the  sequence  of 
charging  the  various  ores.  The  combination  of  these  two  factors 
affords  a  considerable  range  and  inasmuch  as  they  are  among  the 
most  obvious  means  of  correcting  unsatisfactory  operation  they  are 
frequently  resorted  to,  often  with  little  effect  and  to  the  further  detri- 
ment of  furnace  conditions.  In  general  after  the  operator  has  de- 
termined by  previous  practice,  or  by  trial  during  the  early  period  of 
blast,  the  best  method  of  operating  the  bells  and  the  best  sequence  of 
ore,  coke,  and  limestone,  there  is  little  to  be  gained  by  further  experi- 
ments, and  the  necessity  for  the  change  should  be  evident  before  it 
is  made. 

The  sequence  of  ore,  coke,  and  limestone  does  not  seem  to  have  any 
definite  relation  to  furnace  operation  over  a  large  number  of  fur- 
naces, although  for  a  given  furnace  the  sequence  is  seemingly  very 
vital.  For  instance,  at  one  plant  the  coke  charge  is  followed  by  one- 
half  the  limestone,  then  the  ore,  and  then  the  other  half  of  the  lime- 
stone; the  limestone  and  ore  being  dumped  by  one  drop  of  the  large 
bell.    After  a  period  of  irregular  working,  the  limestone  was  all 
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charged  last,  following  the  ore,  but  this  sequence  caused  such  irrega- 
lar  work  that  the  operators 'went  back  to  the  original  procedure. 
One  large  plant  charges  the  limestone  immediately  after  the  cdie, 
following  this  with  the  ore.  As  it  was  suspected  that  this  method 
of  dumping  was  causing  trouble,  the  limestone  was  dumped  with  the 
coke,  and  the  ore  by  itself.  Inasmuch  as  no  improvement  could  be 
noted,  and  in  fact,  the  furnace  required  more  coke,  the  operators 
went  back  to  the  original  plan. 

As  to  whether  the  limestone  should  be  charged  ahead  of  the  ore, 
or  after  the  ore,  both  being  lowered  into  the  furnace  with  one  drop 
of  the  large  bell,  there  is  the  most  divergent  opinion,  the  majority 
of  plants  charging  the  limestone  after  the  ore.  There  have  been 
several  instances  where  dumping  the  ore,  coke,  and  limestone  with 
one  dump  of  the  bell  resulted  in  very  poor  operation,  whereas  at 
another  furnace  in  the  vicinity  the  charge  may  be  split  and  two  or 
three  dumps  of  the  large  bell  made,  each  lowering  of  the  bell  charg- 
ing in,  say,  6,000  pounds  of  coke,  12,000  of  ore,  and  3,000  of  limestone, 
with  good  results  At  most  plants  each  round  contains  all  the  com- 
ponents of  the  ore  burden,  as  follows: 

Example  of  typical  charge  containing  all  components  of  5«nleii. 

Nnraber  of 
pounds 
Constituent.  charged. 

Ore  A 4, 000 

Ore  B 10,000 

Ore  C 6, 000 

Ore  D 2, 000 

Cinders  and  scale 2,000 


Total ,  24. 000 

A  variation  practiced  by  a  considerable  number  is  to  alternate 
"D"  ore  and  "cinders  and  scale,"  4,000  pounds  of  each  being 
charged  in  sequence  every  other  round.  Another  variation  is  found 
in  setting  the  scales  to  charge  7,200  pounds  of  "  C  "  ore  for  5  rounds; 
on  the  sixth  the  "  C  "  ore  is  omitted  and  12,000  pounds  of  "  cinders 
and  scale  "  is  charged.  A  practice  which  is  somewhat  frequent  is, 
assuming  that  a  siliceous  ore  makes  up  about  10  to  15  per  cent  of 
the  burden,  to  charge  the  siliceous  ore  every  second,  fourth,  or 
fifth  round.  Obviously  a  considerable  number  of  similar  variations 
can  be  worked  out  for  the  same  mix,  and  although  such  variation 
may  seem  a  very  minor  factor,  or,  on  the  contrary,  opposed  to 
regular  operation,  considerable  significance  is  attached  to  these  small 
adjustments  by  the  men  whose  ideas  and  practice  they  are.  A  wide 
deviation  from  theoretically  imiform  charging  is  represented  by 
the  following  charge : 


Fourth 
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Charge  shouHng  toide  variation  from  theoretically  uniform  charging. 

Nmnbex  of 
pounds 
Ronnda.  IfaterlBlw.  charged. 

f  CJoke 12, 000 

J  Ore  A 16, 000 

jjirsi 1^^  ^ g  ^j^ 

[  Limestone 6, 000 

(Coke 12,000 

Second J  Ore  B ♦ 24,000 

[  Limefitone 6»  000 

( Coke 12,000 

,^  J  Ore  B 16. 000 

xuiru  u  Qjj^j^j.  ^^^  g^^^ B,O0O 

[  Limestone 6, 000 

{ CJoke 12,000 

Ore  0 24,000 

Limestone 6, 000 

This  plan  is  not  actually  followed,  but  is  representative  of  one  where 
successful  and  uniform  work  is  obtained. 

The  coke  unit,  being  made  up  of  one  component,  is  subject  to 
little  variation.  However,  many  experienced  furnace  men  believe 
that  much  better  work  is  obtained  if,  instead  of  charging  24,000 
pounds  of  ore  and  12,000  pounds  of  coke  per  round,  25,600  pounds 
of  ore  and  12,000  pounds  coke  is  charged  for  four  rounds  and  in 
every  fourth  roimd  an  extra  skip  of  coke,  3,000  pounds  is  charged. 

The  general  idea  behind  such  variable  charging  is  that  the  fur- 
nace is  benefited  and  hangrug  prevented,  by  giving  the  furnace  a 
periodical  "jolt."  Another  frequent  means  of  "livening"  up  a 
furnace  is  to  change  the  size  of  the  charge  or  sequence  of  charging. 
That  in  this  way  scouring  of  the  walls  is  somewhat  promoted  is 
undoubtedly  true,  and  in  the  event  of  conditions  trending  toward 
slowing  up  of  rate  of  driving  or  han^ng,  some  adaptation  of  the 
above  method  works  toward  elimination  of  the  sticking  and  stiff- 
ness developing  into  heavy  slips.  Although  these  expedients  are 
productive  many  times  of  onoother  work,  it  is  probable  that  even 
the  better  practice  resulting  is  not  as  good  as  could  be  attained 
were  the  distribution,  the  lines  of  furnace,  and  the  materials  used 
more  closely  aligned  with  the  requirements. 

INSPKCnON  OB  THS  BELLS. 

The  bells  should  be  inspected  at  least  weekly  to  insure  that 
sticky  or  wet  ore  is  not  adhering  or  baking  on  them.  Machined 
bells  with  an  angle  of  68°  to  86®  give  considerable  relief,  but  offer 
no  assurance  that  a  scab  is  not  interfering  with  distribution.  Such 
lumps  can,  as  a  rule,  be  barred  off  through  the  gas-seal  doors. 
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When  the  bell  is  hung  it  should  be  tested  and  balanced  before 
placing  in  the  furnace.  An  unbalanced  bell  may  close  off  center  on 
acdount  of  the  underbalanced  side  coming  in  contact  with  the  lip 
of  the  hopper  or  hopper  extension  while  the  heavier  side  is  still  in 
motion  upwards.  The  result  is  that  there  is  a  horizontal  displacement 
of  the  bell  toward  the  overbalanced  side,  with  a  resulting  tendency 
to  side  swinging  when  the  bell  is  lowered.  A  similar  thrust  or 
swing  occurs  when  the  bell  is  off  center,  either  by  reason  of  the 
point  of  suspension  .being  shifted  relative  to  the  center  of  the  furnace 
or  of  incorrect  alignment  of  the  bell  in  placing  it.  The  bell  should 
be  exactly  centered  when  it  is  placed  in  the  top.  This  is  an  almost 
rudimentary  requirement,  but  lack  of  attention  to  this  point  is  not 
unknown,  and  it  usually  results  in  many  discouraging  irregulari- 
ties and  difficulties  during  the  early  part  of  the  blast.  Attention 
to  balancing  and  centering  the  bell  so  that  it  closes  simultaneously 
at  every  point  about  its  periphery  repays  many  times  the  time 
required. 

HEIGHT  OF  STOCK  LINE. 

The  distance  the  stock  line  may  be  carried  below  the  bell  has  a 
marked  efl*ect  on  the  distribution.  Carrying  it  to  the  maximum 
height  permitted  by  the  drop  of  the  bell  results  in  an  annular  ring  of 
finer  material  with  a  base  toward  the  wall  and  in  the  colter  of 
coarse  material.  Such  distribution,  which  is  productive  of  channel- 
ing, may  also  be  caused  from  the  use  of  too  small  a  bell,  and  then 
conditions  may  be  improved  by  dropping  the  height  of  the  stock 
line  until  the  velocity  of  discharge  from  the  bell  carries  the  material 
farther  out  toward  the  periphery  of  the  furnace.  The  effect  of  car- 
rying the  stock  line  too  low  is  to  cause  excessive  abrasion  of  the 
lining  at  the  stock  line  by  impact  of  material  and  also  to  shift  the 
apex  of  the  stock  discharged  hoai  the  bell  to  a  point  at  the  walls,  or 
even,  theoretically,  beyond  the  walls.  Too  low  a  stock  line,  while 
affording  an  increased  height  in  which  greater  opportunity  is  af- 
forded for  dust  to  settle  before  being  swept  over  into  the  down- 
comer  by  the  velocity  of  the  gas  is  prejudical  to  good  work,  in  that 
the  abrasion  of  the  walls  with  accompanying  breakage  of  coke,  pack- 
ing of  stock  by  reason  of  concentration  of  fine  material  next  the 
walls,  and  undue  permeability  of  stock  at.  the  center  presents  too 
much  certainty  of  scaffolding. 

Bealizing  that  the  velocity  with  which  the  various  materials  are 
discharged  from  the  bell  will  determine  the  apex  of  their  lodgment 
upon  the  stock  column,  and  that  this  velocity  will  depend  upon  their 
weight,  character,  and  freedom  of  movement,  the  aim  of  the  opera- 
tor should  be  to  select  such  a  height  of  stock  line  as  will  bring  the 
points  of  lodgment  in  as  close  vertical  alignment  as  possible.    This 
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can  be  determined  only  by  inspection  of  the  stock  line  after  each 
lowering  of  the  bell  while  filling  preparatory  to  blowing  in,  and 
it  depends  so  wholly  npoa  the  ratio  of  diameter  of  stock  line  and  bell 
and  upon  character  of  ore  that  no  rule  of  practice  is  possible.  Ac- 
cess to  the  interior  of  the  furnace  while  it  is  being  filled  should 
always  be  provided  for.  The  disdiarge  from  the  bells  should  be 
watched,  and  as  the  furnace  is  filled  up  and  the  stock  line  can  be 
reached  with  a  ladder  from  a  gas  offtake  or  down  through  between 
the  bell  and  hopper,  the  distribution  of  materials  should  be  examined 
and  the  contour  of  the  top  of  the  stock  column  measured.  This  in- 
formation goes  a  long  way  toward  eliminating  questions  which 
come  up  during  the  blast,  where  the  furnace  gets  to  slipping  per- 
sistently. It  also  helps  in  determining  the  height  at  which  the  stock 
line  should  be  carried  for  the  best  distribution.  To  dmnp  large 
amounts  of  ore,  coke,  and  limestone  into  a  blast  furnace  without 
knowing  how  it  lies  in-  the  furnace  is  leaving  too  much  to  specula- 
tion and  is  poor  practice.  The  height  of  the  stock  line  is  sometimes 
held  within  such  narrow  limits  by  the  relative  size  of  the  bell  and 
throat  of  the  furnace,  the  distance  between  the  center  line  of  the  gas 
offtake  and  the  bottom  of  the  bell,  the  speed  of  lowering  the  bell,  and 
the  character  of  materials,  that  little  leeway  is  allowed,  but,  never- 
theless, there  should  be  a  definite  idea  of  the  distribution. 

USB   OF   STOCK-LINE   INDICATORS. 

Keeping  the  height  of  the  stock  line  constant  is  important.  The 
fact  that  fluctuations  in  height  will  be  encountered  affords  no  excuse 
for  irregular  filling.  The  location  of  a  stock-line  indicator,  prefer- 
ably of  the  recording  type  in  the  stock  house,  gives  the  least  excuse 
for  intermittent  charging.  The  latest  type  of  redding  devices  are 
worked  by  air,  steam,  or  water  pressure,  and  these  are  to  be  recom- 
mended, as  they  remove  any  disinclination  toward  frequent  rodding 
on  account  of  the  effort  required  by  older  devices.  It  is  a  good  plan 
to  place  one  of  these  rodding  devices  in  the  cast  house  also,  so  that 
the  blower  can  keep  himself  informed  as  to  the  condition  of  the 
furnace  and  the  regularity  of  charging.  Intermittent  charging, 
varying  heights  of  stock  colmnn,  and  haphazard  knowledge  of  the 
condition  of  the  furnace  not  only  lead  to  slips  but  may  make  them 
more  serious  in  results. 

SPEED  OF  OPENING  BELLS. 

The  speed  of  opening  the  bells  should  be  kept  constant,  as  the 
velocity  of  discharge,  the  distance  to  which  materials  are  thrown 
from  the  bell,  and  hence  the  distribution,  depend  upon  the  rate  with 
which  coke  or  ore  is  made  free  to  move. 
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im:porta"nce  of  propeb  distribution. 

Considerable  space  has  been  given  to  the  factors  goTeming  dis- 
tribution of  materials  in  the  furnace.  This  is  because  correct  dis- 
tribution is  a  chief  factor  in  the  elimination  of  slips.  If  the  proper 
volume  of  blast  is  used  and  the  contour  of  the  furnace  lining  is  de- 
signed for  the  materials  and  heat  carried,  then  most  of  the  time,  pro- 
vided the  charge  is  properly  distributed,  the  furnace  will  work  prop- 
erly, but  if  the  distributicm  is  poor,  the  furnace  will  not  operate 
satisfactorily  very  long  at  a  time. 

USE  OF  COKE  BLANKS  AND  ^'  DOSES." 

When  a  furnace  gets  to  slipping  heavily  or  persistently  a  wide- 
spread practice  is  to  charge  a  blank  of  coke.  This  blank  may  bo 
accompanied  with  other  materials  which  are  calculated  to  scour 
the  walls.  Examples  of  various  blanks,  or  "  doses,"  for  a  500-ton 
furnace  are  given  below. 

One  blank  extensively  used  in  the  Pittsburgh  district  is  as  follows : 

^,000  pounds  of  coke, 

10  regular  rounds, 
10,000  pounds  of  gravel, 
10,000  pounds  of  converting  mill  cinder, 

5  regular  rounds, 
50,000  pounds  of  coke; 

Such  a  blank  is  in  some  instances  put  in  a  given  furnace  every  four 
days,  whether  or  not  it  appears  to  be  needed. 

It  can  be  seen  that  this  is  an  expensive  procedure.  About  55  tons 
of  coke  is  charged,  which,  at  $3.50  per  ton,  gives  an  additional 
cost  to  be  carried  of  nearly  $50  per  day.  There  is  little  iron  recor- 
ory  from  the  cinder  charged  in  the  blank.  For  the  $50  thus  ex- 
pended there  is  a  return  in  more  regular  operation,  freedom  from 
excessive  slipping,  and  a  minimum  production  of  off-grade  iron. 
From  comparative  practice  it  is  considered  cheaper  to  spend  $50 
for  a  blank  every  four  days  than  to  have  a  "  stiff  "  or  slipping  fur- 
nace, with  its  accompanying  showers  of  material  over  the  yard  and 
loss  in  quality  and  quantity  of  iron. 

A  so-called  "  relay  dose  "  or  blank  is  as  follows : 

"Relay  dose," 
Material.  Pounds. 

Coke 16, 000 

Scrap 4,500 

Coke 12,000 

Heating-furnace  cinder 4, 500 

Scrap 4,500 

Coke 16, 000 

Heating-furnace  cinder 4, 500 


MftteriaL  Poonds.  . 

Sand . :„: -Lj Z  O06 

Coke 12, 000 

Scrap ^--—1 ^^ — L — L —    ^  000 

CJoke 16»00a 

Heating-furnace  cinder „ 4. 500 

Coke 12, 000 

Scrap ^ 9,000 

Coke J 16. 000 

Heatings-furnace  cinder .-i-^- .    ^,000 

CJoke , — , — — ^^— , — 1 ^^^  12,000 

Scrap ^ ^-^ , 19, 000 

Coke 1 16,  OOO 

Heating-farnace  cinder 1^ 1 4, 500 

Scrap iJi- 4,600 

Sand ^ 1 * ^^— — .— ^- 4, 000 

Coke -*-*.. 1— . 12^000 

This  so-called  "  relay  dose,"  which  is  used  in  f  umaees  apparently 
badly  scaffolded,  though  it  appears  more  formidable  than  blank  1, 
in  reality  contains  but  80,000  poondd  mote  cofce.  In  proportion  to 
the  coke  there  is  much  more  unfluxed  material,  heating^fumaoe  cinw 
der,  and  sand.  The  presence  of  heatiiig'-fumade  einder,  which  is 
simply  a  fused  silicate  of  iron,  is  apt  to  produce  a  cast  of  off'igrade 
iron  unless  the  "  dose ''  comes  down  very  hot. 

A  third  dose  is  as  follows : 

I  * 

I 

VaterlaT.  Ponndi^. 

Coke — ' i ,; 50, 000 

Converting-miU  cinder,  two  regular  i^lwrg/s^ > < '-^^^-  40, 000 

Coke .; — ^L-* ;*^ — ^- --„^^_^_., ,  25, 000 

Conyertlng-mlll  cinder 1 .' 1 20, 000 

White  Iron  (remelt),  two  regular  charges 50,000 

Coke 25, 000 

Convertlng-mlll  cinder 20,000  ' 

High  manganese  (6  per  cent)  ore '"- 20,000 

When  this  "  dose  "  comes  down  to  the  bosh,  the  practice  is  to  lower 
the  heat  from  1,100°  to  800°  F.  This  "  dose  "  has  sometimes  proved 
deficient  in  coke  in  the  event  of  its  dislodging;,  a  heavy  scab  on  the 
walls. 

A  dose  that  is  used  for  a  furnace  badly  scaffolded,  and  is  not  used 
except  under  very  bad  conditions  of  furnace  operation,  is  as  follows: 

100,000  pounds  of  coke.    . 

19,000  pounds  of  siliceous  (40  per  cent)  ore. 

One  regular  charge.  ' 

10,000  pounds  of  coke. 

9,500  pounds  of  siliceous  ore  (40  per  cent). 

9,500  pounds  of  manganif erous  ore  (4  per  cent) . 

Two  regular  charges. 

35  tons  of  scrap  and  remelting  iron. 

74142**— Bull.  130—17 17 
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Fifte^, regular  rounds. 

50,000  pounds  of  coke. 

19,000  pounds  of  manganiferous  ore  (4  per  cent). 

Ten  lifegulap  rounds. 

15,OO0'  pounds  of  coke. 

Five  regular  rounds. 

10,000  pounds  of  coke. 

At  one  plant,  when  the  furnace  is  very  much  built  up,  the  follow- 
ing is  (Charged :  33,000  pounds  of  coke  in  a  blank,  followed  by  6,650 
pounds^  of  coke,  8,000  pounds  of  ganister,  and  3,000  pounds  of  lime- 
stone. ,yhis  small  unit  is  repeated  five  times,  and  is  followed  by 
6,650  pooji.ds  of  coke,  3,000  pounds  of  ganister,  and  1,000  pounds  of 
limestone^  This,  is  also  repeated  five  times,  and  is  followed  by  4 
regular*  tsh^fcrges;  then  10,000  pounds  of  coke  and  20,000  pounds  of 
scrttip4iiidi  iron  ^a^eqluargedy  i^ftch  uiiit  being  repeated  five  times.  Then 
lOirogukr  /eb^rgdsi  iWith  S^Q  per  oent  1^^  burden,  1^  regular  charges 
withfild  ,pe47  ce3i[Lt:lfess  bjdupdeA}  V)  vfigNi9i^  ohairgi^s  .with  ^  10  p^  cent  less 
buirdeBi^  andifiimUy  the  iirfiigiidairibur4w.  »r^  charged.  As  sopn  as  this 
blankichofwa.Upiui  tii».<}ii]|dery  tb^.e^gii^efipi^  i^  veduo^  about  20 
per.eeDtra^d>tb0  tepipeititaoe.lpweirQcl  imb.  jnuch  as  possible, t^hich  is 
usually  about  500°  F.  Tb^l  f U|?iva<^  isi  dirivw  nx  thi@  way  for  about 
six  hours;  then  the  blast  and  temperaturi^  mr^  ffrad^i^y  brought 
up  to  Qorznjs^l,  which  takes  about  six  to  eight  hours'  work.  Mill  or 
puddle*  cinder  is  sometimes  substituted  Jor  ganister,  with  good  re- 
sults.   •Thl^  "  dose  "  has  proven;  itself  very  eflectivet 

Other  "  doses"  that  have  been  used  are  given  below : 

MiuUffial.  rounds, 

Cpfc^-.^^ — "-_  J , 1 ' 15, 000 

Scrwp. — -^—   5,000 

Converting-miU  cinder . 4,300 

Ck)ke>>,^ ^^—H— — ^— «— r-r y I 20,000 

rig  iron : -,— ^ '..:^^:.l^ LJ: _■ S.  OOO 

"••'    Hejitlng-fQi'iiai^  cinderl LLJ.l 1.1 4,500 

Sand 15, 000 

f  '    '  ■  Ooke— I:-j.-:-JLwlii-Jl*.:^_^-lix^-^-'^'w^^l-^!;_#,-4w^_;^-*.^^^^  .10, 000 

•  '  ■  coi^e::!:: J--iil:--:-:-:---: J-.--„l::L-:„.:_, J...:.,  ti  ooo 

Scrap .-^. .--i-JL^-."   Q,  000 

Coke ^Xivi-4 Jj^-**-t.'^-l-iw;-_;*„v*-»-H-V^— .-. '-  Wt  OW 

Puddle  cinder -^^^^^^_    5, 000 

Coke 1— !__ '  10. 000 

Scrap ^ , 1 1-_-_    5,000 

cjoke jj_:_:;!:i_j-ij,L:i_j_::i_._:i._j. is;  ooo 

Puddle  clnder-_^t:.al'l_-i-i;-j_l-^i.j— wi.^ u^^u-^^^* 0,000 

Coke -.^-^_-, ;*-  10^000 


I 
I  •  •■ 

Most  furnace  men  use  a  blink  or  **  dbse  "  ^6m  time  to  time  to  re^-* 
late  the  working  of  the  furnace,  and  as  each  superihlendent  has  his 
own  preferences  and  careftiily  worked-out  methods  6f  "dosing;" 
there  are  almo^  as  many  varieties  of  these  as  there  are  plants.  Many  ' 
keep  the  make-up  of  the  "  dose  '^*  secret,  as  they  have  wopked  it  out 
by  considerable  experience,  and  regard  it,  properly,  as  part  of  their 
stock  in  trade.  Those  *  doses  *^  irhieh  are  presented  here  are  given 
^"ith  the  eonsent  of  those  furnishing  the  information. 

The  use  of  coke  blanks  ii^>ery  dontiti^m,  and  the  amount  of  cokie,  at  • 
the  judgment  of  th^  fttmatee  foreman,  varies  from  an '  additional « 
round  up  to  fi\^e  rounds  of  coke  in  one  blank.    Many  use  Kmestone  • 
with  the  blank  to  heat  up  a  <K)ld,  stiff-woridng  furftace.    Sand  is  not 
much  in  favor  as  a  coiistitiient  of  a  ^^^dode,''  as  it  is  bdie*ed  td  cut  the 
lining.     Sandy,  rough  cast-house  scrap  is  much  in  favor,,  but  scrap 
from  a  granulating  pit  and  ste^l  scrap. made  up  of  borings,  punch- 
ings,  etc.,  is  avoided.    One  furnace  man,  in  attempting  to  use  a  con- 
siderable amount  of  wire-iiail  sar^p  in  a  "cleaning  dose"  had  to 
pull  a.  large  proportion  of  it,,  unmelted,  out  from,  in  front  of  the 
tuySres.    Til  general,  ihe  i^ea  in  making  up  a  '*  dose  *  is  to  hare  it . 
include  two  materials  of  different  refractory  characteristics,  so  that  * 
it  will  melt  over  a  wide  range.    S^rap,  siliceous  and  manganifenDUs 
cinders,  and  ore  are  th6  essential  components.     When  used  as  a 
panacea  for  all  ills  aboiA  furnaces,  the  employment  of  "  doses**  may 
be  abused,  in  that  their  frequent' use  dulls  the  need  of  being  contin- 
ually on  the  lookout  for  atid  determining  what  actually  is  causing  the 
hanging  and  slipping.  '  "  -  :       . 

Many  furnaces  operate  for  months  at  a  time  without  a  dose,  as  an 
occasional  small  coke  blfeiik  or  a  frequent  adjustment  bf  the  burllen ' 
carries  them  through  without  trouble.    A  stage  midway  of  this  type 
of  practice  is  to  substitute  twice  or  three  times  a  day  a  dose  of  sili- 
ceous manganif  eroTis  cinders  f  oi*  the  ore  burden.    Thus,  one  plant  * 
charges,  instead  of  a  unit'  of  2O50O(y  pounds  of  ore,  15,000  pounds 
of  puddle  binder,  gravely  atid  scrap  thre^  times  a  day.   This  is  stmply  ' 
a  development  of  4hfe  idfei  of  chafing  ith^  silic^ey&«  eorhiionerit  of  a 
charge  every  secrfnd' to  eighth  round:  .   .       ' 

As  a  ftimace  gets  old  and  the  lining  cuts  out,  the  number  of  coke 
blanks  iar  liisiiAlly  fecteased.  These  are  often'  tteeesdafy  because  of 
Blipping,  the  aim:  bting  t6  repltice  in  larger  pr6porti<Mi'the  coke^- 
thrown  out  by  the  slip,  and  also  to  interpose  a  blanket  of  extM  (soke* 
when  filling  must  be  started '10  Ui6t  chf-  ttiote  below  the  stock-line 
level.  Of  ten, a  furnace  which  has  cut  excessively  above  the  mantle 
and  sticks  and  slips  persistently  has  been  given  a  new  lease  of  life 
by  charging  an  extra  .round  of  coke  three  or  four  times  a  day  at  regu- 
lar intervals.    Instances  liave  been  noted  where  this  exti*a  amount  of 
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coke  enables  the  furnace  to  take  more  bapden  aiiid  a  Leaiio-  llasl^  ac-i 
work  with  vastly  less  dipping. 

The  need  for  a  coke  blank  or  ^  doee  **  is  noc  ahraxs  easv  to  decer 
mine.  Oftea  a  furnace  can  be  worked  oat  of  a  period  of  sdckin^ 
and  slipping  by  using  a  cold  blast,  checking  the  blas^  or  I:gtitff.ir..q: 
the  burden  for  a  few  rounds  When  this  can  be  done,  wiih  a  gOL^ 
reserve  of  heat  in  the  stoves,  it  is  nndoubtedly  better  pracdce  than 
the  custom  of  Resorting  to  a  blank  <»*  "dose^  npon  slight  provoca- 
tion, because  the  use  of  these  may  sometimeB  throw  the  furnace  of. 
The  use  of  ^ doses'^  is  perhaps  justified  under  drcmnsfeances  where 
excessive  slipping  must  be  avoided  on  account  of  weak  tops  or  shells. 
deficient  heating,  or  large  explosion  doors,  or  when  it  becomes  neces- 
sary to  change  somewhat  frequently  from  one  grade  of  iron  to 
another. 

XETHODB  07  OVEKCOICIHO  SUFPIVa  AHI>  HAVCOHO. 

"  BUmXKG  DOWN." 

One  old  method  of  removing  scaffolds  was  to  ^blow  down^  the 
furnace  until  the  top  of  the  stock  was  below  the  scaffold.  A  typical 
method  was  to  start  by  reducing  the  amount  of  ore  and  limestone 
charged  by  about  20  per  cent,  and  at  the  same  time  decreasing  the 
limestone  content  of  the  burden  one-half  for  every  second  charge. 
After  4  to  6  hours  the  furnace  would  be  allowed  to  work  down 
slowly.  About  every  half  hour  a  round  would  be  charged  in  order 
to  keep  the  top  temperature  down,  though,  as  a  rule,  these  rounds 
consisted  diiefiy  of  coke.  The  blast  would  be  reduced  graduaUv 
until,  with  about  20  per  cent  of  the  pressure  off,  it  was  no  longer 
possible  to  keep  the  furnace  cool  on  top;  then  a  spray  would  be 
introduced.  By  this  means  the  furnace  would  be  "blown  down" 
till  the  top  of  the  stock  column  was  alongside  of  or  beneath  tl^e 
scaffold.  Sometimes  charging  would  be  resumed  and  the  furnace 
kept  at  this  level  until  the  scab  had  melted  off,  or  the  furnace  would 
be  filled  with  coke,  scrap,  sand,  and  cinder  and  "blown  down  '^  again- 

These  efforts  were  not  always  rewarded  with  success,  as  the  scaf- 
fold was  not  always  melted  off  and  several  bad  explosions  hare 
occurred.  The  method  of  "  blowing  down "  has  not  been  followed 
to  any  extent  in  recent  years,  although  it  cropd  up  at  infrequent 
intervals. 

tJSE  OF  AUXUilART  TUTEBBS. 

A  method  of  combating  scaffolds  that  was  formerly  much  in  use, 
but  is  seldom  resorted  to  nowadays,  consists  in  inserting  an  auxiliary 
tuyere  in  the  lower  inwall  of  the  upper  bosh.  This  so-called  tuyere 
consists  of  a  cinder  monkey,  water  cooled,  or  even  a  1-inch  gas  pip^» 


whidi  is  inserted  in  a  plate  o|)eiung  in  the.  boeh  or  fitaek;  oc  in  ia 
hole  drilled  in  the  aheU  aad  lining  eqieeially  for  tliid  Imrpoee. 
Throngh  tihis  auxiliary  tuyere  is  blown>  a  fairly  aliroiBg  blast  of  air, 
which  starts  cembnstiiOB  of  the  ooIcb  hif^  up  beneath  the  seaffcild* 
The  high  heat  thns  ganemted  BieltB  ofi  tlia^qafiMd,  and  if  o]to  is 
fortunate  enough  to  find  the  right  looilifin  at  the  first  attempt  in 
placing  the  tuyere,  tbe  fumaee  quickly  cleais  itaeH  and  starts  to 
drive  better*  Becently  a  furi^ee  resorted  to  this  means  of  neytepirizig 
a  scaffc^d  which  was  ap|>areiDitly  cau£dng  heayy  slqdping.  J  A,  stack 
cooling  plate  abore  thd  Biasktle  was  retnoTed  and  ail  ausiliary  <tuy^ 
was  inserted,  then  the  tuyere*  was  moved  up  gradually  to  each  suc- 
cessive plate.  This  resulted  in  the  scaffold  being  dislodged  and  in 
better  work,  but  the  improvement  did  not  prove  petmanent,  as'  the 
scaffold  soon  reformed  and  such  heavy  slipping  developed  t)iat  final^ 
an  unusually  severe  slip  dislodgied  the  (hopper.  sAd  ];)eU9.  which  was 
bolted  to  the  top  of  the>  f umaca 

Some  years  ago  many  plants  were  provided  with  about  six  per- 
manent auxiliary  tuy&res  above  the  mantle,  which  were  put  into  use 
whenever  the  furnace  sliowed  signs  of  sticking.  The  us^  of  auxiliary 
tuyeres  has  been  discontinued,  but  at  seveiral., plants  jmej3?  be  sew 
patches  <m  the  lower  ring  of  the  stack  jacket  where  auxiliary  tuiyspts 
were  formerly  located. 

The  reasons  that  the  use  of  these  permanent  auxiliary  tuyferes 
did  not  prove  feasible  are  that  upkeep. was  difficult,  and  that  the 
cooling  of  the  walls  at  this  point,  so  near  the  inside  face  of  the 
lining,  possibly  caused  as  much  scaffolding  as  the  tu j^^res  themselves 
were  supposed  to  prevent;  improvement  in  furnace  lines  and  in  dis- 
tribution over  former  standards  is  an  additional  cause^ 

The  fact  that  the  temporary  auxiliary  tuyfere.  is  only,  infrequently 
used  is  probably  due  to  the  difficulty  of  locating  the  proper  place 
to  insert  it,  the  questionable  expediency  of  cutting  a  series  of  holes 
in  the  f -inch,  or  thicker,  steel  shell,  the  possibility  that  any  relief 
will  be  oixly  temporary,  and  the  much  lessened  tendency  toward 
severe  scaffolding. 

tJSU  OF  mtfUO&rflEB  TO  MBLODOE  SOATFOtDS. ' 

,'  >  '         •  )  p 

At  present  the  chief  use  of  explosives  at  blast-furnace  plants  is 
in  removing  heaiith  bottoms  at  relining,  and- this  has  been  discussed 
in  detail  on  pages  175  to  182.  In  former  years  the  use  of  dynamite 
to  dislodge '  scaiOFolds  was  frequently  resorted  to,  and  considerable 
mention  of  the.  method  is  to  be  found  in  issues  of  the  Trans- 
actions of  the  American  Institute  of  Mining  Engineers  fts  far  back 
as  188l!  '  At  thkt  time  many  of  the  blast  furha^es  had  no  steel 
sheila  iacloong  the  bndnrork,  but  <  were  simply  banded,  much  as 
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'the  modern  bosh  is  baiidBcL    Tliis  }eft  a  consideteble  space  of  ub- 

.  eoTerod  briokwork,  through  whiohi  faiofes  faouikl  be  dfilled  where  the 

■  scaffold  was  suspected  to  be,  end  then  a  chvrga  of  dyBandte  c»uld 
be  insei*ted  and  fired^ .  The  dynaiuile  swba  sometunes  inserted  in  the 
body  of  the  scaffold^  and-  sbmetimes  in  the  empty  space  beneath  the 
areh,  and  fired.  Thk  metlkod  was  very  soGoess&il,  but  the  develop- 
ment of  the  modeni'  thick  dteel,  sheU*  has  obviated  its  use  ahnost 
completely )  and  in  several  year®  of  praeticeiwith  Mesabi  ores  the 
wiiter  has  nevev  se^n  it  itsed.    Th0  qmeth^ -was  ini  use  in  Gennany 

'np  to  a  recent  date,  and  is  described  by  Scdix(neiw«eg^  as  follows: 

A  tube  welded  together  at  oiie  end,  2k  inches  in  inside  diameter  and  Si  to 
12  feet  iQ  length,  is  p9ed  a$  n  protecUns  titbe;  end  aoottiet  snu^  fitting  tube 

.  of  tb^  same  length  and  of  2  inches  inside  diameter  is  used  fbr  the  charge.  Into 
this  ipner  tube  Is  drilled  a  hole  for  the  fuse  a^  a  distance  of  S  feet  from  the 
mouth,  when  one  does  not  want  to  use  eiect^fc  ignition.  After  the  inner  tube 
hois  been  dosed  itt'o^e  eind  with  a  wooden  plug  atvd  the  charge  liaa  been  intro- 
duced into  the  tube,  the  upper  empty  spaee  la  filled  with  sand  and  ttie  meoth  is 
fljosed  wi^  a:  wet  clay  pIug^.The,  eippty  prptactiiig;  tnb^  is  iptro4aced  at  the 

.  proper  place  into  ^he  furnace^  where  Iwrickwork  mijst  be  provided  with  a  suf- 
ficiently large  hole;  the  fu^  is  ignited  and  the  loaded  tube  with  the  burmng 
fuse  is  shoved  Into  the  protecting  tube.  Every'  expflbsive  may  be  used.  If 
we  use  dynamite  and  the  protecting  tul^,  on  b^ng  fnt»klnced  into  the  fornaoe, 
has  become  xed-dioti  tt  novst  be  coolM  by  aQowing  water  to  flow  into  It  from  a 
hose  before  shoving  in  the  inner  tube.  Otherwise  it  may  ^  happen  that  tbe  nitro- 
glycerin may  melt,  e^cplode,  and  throw  out  the  charge.  One  may  also  use  any 
of  the  explosives  that*  are  safe  to  handle,  the  pulverized  as  well  as  the  ^la- 
tlnous.  As  a  charge  one  may  safely  take  ^i  to  2f  pounds,  only  the  charge  most 
be  at  a  dii»tance  of  at' least  1  ioot  fromF  tb^  bi<leltwDrk.  i 

A.  furooce  Jiad  not  been  driviatf  weU  for  five  clay%.  Tlipongh  the  opeoe«) 
tuyere  ope  could  see  cleariy  an  arched,  closed  sQafl;Qid,  and  a  jjipace  23  feet  in 
height  in  the  lower  part  oJP  the  furnace  was  entirely  empty.  During  the  stop- 
page 25  tons  of  coke  had  been  thrown  Into  the  lowier  part  of  the  furnace,  We 
had  eight  hole^  driUM  Into  the  bottom  of  the  scaffotfi.  Aifter  i^e  firing  of  the 
eight  shots  the  furnaoe  begiinito  draw  well.  JUrtex^  two  ^honrawe^  noticed  ^^ 
thetfomaoe  did  not  woift.  as.  well  in  Ita-npper  l^iurt.  It  was  aHoppiBd  oj^oe  mQi«* 
an4  ,we  found  that  the  hole3  had  beep  drilled  too  high.  Ifew  holes  were  drilled ; 
15  tons  of  coke  and  2,000  pounds  of  tap  cinder  were  thrown  in,  whereupoo  we 

'  blasted.  This  time  the  scaffold  collapsed,  the  'furnace  descended  nnifonnly. 
and  after  24  hours  it  yielded  iron  for  the  steel  works.  ' 

In  all,  12  de6cription^  of  tikQ  use  of  dynamite  are  given  in  the 
article  from  which  the  above  extract  is  taken. 

r  •  t 
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OTJEdatriMffANS  op  BR|;VSJHXXI^  »Vf^^ 

By  far  the  n^ost  pommon  Qiea^s  of  preventing  elips  from  assuming 

a  violent  character  or  qf  prev^pting  hai^gii^g  and  sticking  from 

working  into  protracted  ^nd  heavy  slipping  are  lowering  the  tem- 

.  perati^e  of  the  blast  or  reducing  the  volume  of  blast  momentarily 


•  ^^QkOaevefi^  H^rtoiaii,:  nafe  ScbSbMen  Itt^  HodbafcnitirtlMpttt  Staai:  v»d  BIbca,  J«brr 
34,  1914,  pp.  1889-1386. 
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(cheobrng);  ^tber  ^pecUenta  reftovted ,  to  vai::^  ,mqr0a.#i»g .  t^et  islag 
volume  luid  iocroasiiig  the  amoiwif  of  livnestoqe  in  tbe  bupdeu^  Soipe 
operators  decrease  the  Eevoluiiow  ^JkxHit  ^  per,  p^.for  an.  hour  or 
so  at  the  first  ixKlicatioDs  of  the  fumaee  beco^iung  stiff  er  tight , .  The 
avoiding  of  soft,  punky  coke  an^  fine,  easily .  ri^ducU^e  ores  is  £r^- 
quently  ui;ged  as  a  means  of  a Yoiding  slips ;  b\it  from  the,  fact  th^t 
most  furnace  operators  are  allotted  a  given  variety  of  ores  at  the 
beginning  of  each  season  the  range  pf  adjustment  of  burden  to  incl\^4e 
more  j^fractory  ores  iajimited.  The  given  allotment  mu^  as  a  rule 
be  ooni^umed  during  the  ensuing  year,  sq  that  practically  the  only 
alternatives  are,  with  certain  furnace  lines  and  distribytion,  to  fKljiiii^t 
the  size  of  the  charge  and  method  pf  charging^  the  tuyere  leng<4h  or 
area,  the  yolume  and  pressure  of  th^  blast,  and  the  bla^t  teinperatrujre 
to  the^best  fiyerag^  .prf^ctice,  and  to  pteet  thi9  pcpa^n^  wedging  and 
scaffolding  of.tfa^  stock  bytbei  u^  of  co^  bl^iik^  ^^dpses,''  and.tiliie 
manipulf^on  of  blast  pressure. or  tsmp^al^ure  inreinei:gencies  to 
bring  a^y  abnocqdf^l  stiffness  to  an^  ^d;  These  jrepre^if^t  thp  avail- 
able meanS)  af ti^r  design,  cp^ste^ctic^^  nmteriaJs,  and  average  prac- 
tice h^ye  been  fize^  and  the  problem,  of.  regu^axr  operation  is  at  haqd. 

■     '        V 
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ICANIPUULTION  OF  BLAST  HBE8SU»E  A,Nd  TEMPEBATURE.        , 
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As  a  general  rhle,  if  hangihg  dt^elops  it*  \i  fcbrisidf^i^d  adSlisflfcle 
not  to  -cheek  tiie  furnace,  ff  tSiJs  catt  be  aVoided-  If  the  fiimace  Wll 
slip  of  its  own  accord  witnin  30  to  60  minutes,  iriaily  prefer  £o  alloHv 
it  to  do  so,  because  if  the  blast  is  partly  or  completely  shnit  off  to  ih- 
duce  a  slip  the  falling  colttoiftisi  a^  t6  pack  tightly,  and  by^  wedging 
itself  against  (he  walls  cause  hi^  pfessure,  repej^ed  hanging,  and 
heavy  slipping;  btrt  if  it  falls  against  a  istrong  ascending  gas  ctnrefit 
its  descent  is  obviously  somewhat  checked.  If  in  one  h<)\iir's  tiihe^a 
hangingf  furnace  does  ndt  Is^fle  r61fefftarily,  then-  it  must  be  rfiade 
to  settled  The  longer  a  fuma(^  hati^  th6  larger'  is  the  cavity  formed 
and  tlie  g^ter  is  the  risk  of  ah  erplosiA^e  slij),  particularly 'if  the 
furnace  should  slip  witJi  th^  bla^'  on.  A^  the  cavity  enlarges  and 
the  pressnre  of  the  gai  within;  it  incfreftades,  thetie'  is  increasing  proba- 
bility of  "a  violent  eruption  as  the  gas  bores  its'way  thmughor  abont 
the  falling  material.  Therefore  after '80  tc) '^0^  minutes  steps 'are 
usually  t^ken  to  sBp  the  furnace,  it  being  flushed  before  check  to 
prevent  cinders  coming  back  in  the  blowpipes,  unless  there  is  hang- 
ing directiy  afteif*  the  cast. ' 

Seducing'  the  blafet  temperalwire,  say,  ftem  1,050''  ^:  to  900^  6r 
800^  F.  ^11  o#in  Aat^n  th€f  furtmce-^ail  id,  dailse  i«  <o  slip.  HcrW- 
ever,  it  is  nt/t  alwiys  desirable  or  possible  to  deduce  th^  blast  tem- 
peratiire,  and  thenfee  of  too  inueh  cold  Air, l*epeated  too  often,  may 
result  in  off-gtade  irctti; 


252         BIAST-PUENAOE  BR&AK!6TTTS,  EXPLbSlONS,  AND  SUPS. 

If  using  a  coldefr  Must  does  not  canse  the  furnace  to  slip,  then  the 
furnace  must  be  checked.  As  a  matter  of  fact,  except  after  casting 
or  in  case  a  furnace  is  hanging  stuW)omly  in  the  bottom,  checking 
is  resorted  to  more  frequently  than  the  use  of  cold  air.  The  first 
check  is  almost  never  made  sooner  than  30  minutes  after  hanging 
develops,  and  then  the  fumaoe/if  it  is  necessary  to  chedc  repeatedly 
for  some  hours  to  keep  it  moving,  is  checked  at  not  less  than  40  or  CO 
minute  intervals.  Checking  at  20  or  30 -minute  intervals  almost 
invariably  stiffens  the  furnace,  and  if  it  becomes  necessary  to  check 
as  frequently  as  this,  it  is  a  sign  tiiat  emergency*  measures  will  soon 
be  or  are  necessary. 

Reducing  the  blast  pressure  at  the  tuyferes  3  to  6  p6unds  is  usually 
effectual  in  slipping  the  furnace.  If  it  does  not  slip,  the  blast  is 
usually  turned  fully  on  for  perhaps  20  minutes  and  then  checked 
again,  and  a  second  or  even  a  third  check  may  follow  in  dose  sac- 
cession,  provided  each  preceding  check  does  not  slip  the  furnace ;  the 
second  check  is  usually  all  that  is  necessary,  although  if  hanging 
persists,  a  third  check,  the  pressure  beihg  reduced  S  or  6  pounds, 
frequently  becomes  necessary,  or' the  snort  valve  may  be  opened,  thus 
taking  the  blast  off  altogether. 

The  degree  to  which  checking  is  resorted  to  always  depends  upon 
the  judgment  of  the;  furnace, mfui,  as  mapj  furnaces  and  types  of 
banging  require  different  treatnfient  and  amount  of  checking.  When 
more  than  one  check  has  been  ^plied  to  the  furnace  the  top  and 
tuylres  are  watched  carefully  to  determine  the  insta§t  the  furnace 
sUps,  as  it  is  essential  to  turn  the  blast  on  as  quickly  as  possible  to 
prevent  janmiing  and  packing  of  the  material  inside  the  furnace,  thus 
making  it  stiff.  This  is  especially .  esE^i^tial,  when  the  snort  valve 
has  he&n  opened. .  , 

When  hanging  and  eticking  'prove  so  stubborn  that  even  opening 
the  snort  valve  will  not  cause  the  .furnace  to  slip,  about  all  that 
can  be  done  is  to  resort  to  cold  air  at  low  volume.    This  usually 

.  causes  the  furaac^  to  slip.  Apothe^  opticm  is  to  take  the  blast  off 
suddenly  by  first. notifying.tl^  engi|ie-i?<>om  force  to  stand  by  the 

.  engines,  then  si^alinga  check,  and  immediately  throwing  the  snort 
valve  open*  This  treatment,  repeatedly  applied  at  quick  intervals 
hs^s  been  known  to  cause  the  faruace  t<^  slip,  but  is  bard  op  blowing 
equipmeiri;. 

A  practice  which  is  sometimes  resorted  to  is  to  let  ^te  furnace 

.  4$tand  with  the  gas  (drafted  back..  -This  method  is  seldom  successful 

.  the  net  result  being  appiirentiy  only  to  make  the  f^rsAce  tighter,  and 
it  is  usually  resorted  to  only  wI^epiaU:pther  methods  have  failed.  A 
better  final  method  is  to.  speed  the:  engines  up,  push  the  blast  pr^ssui^ 
up  to  the  limit,  and  thus  break  up  the  hanging  column*  This  method 
and  the  iise  of  cold  air  have  been  most  successful,  but  the  use  of  high 


blast  pressure  is  sometimes  prevented  'by  w^k^  sto^  ^ells,  blast 
maiiis,  blowing  equipment,  or  furnace..  , . 

f 

Sometimes  neither  cold  air  nor  a  dMck  ean  be  applied  to  slip.. the 

furnace.  This  happens  when  the  tuyferes  are  ** sloppy'*)  that  is, 
banked  up  with  a  boiling  mass  of  liquid  cindef  which  is  kept  from 
running  back  into  the  blowpipes  only  by  the  full  pressure  of  thb 
blast  In  this  eveiity  the  furnace  mai^  is  in  a  dilemma.  Sometimes 
he  has  to  let  the  furnace  go,  perhaps  for  two  hours,  xintil  it  sUps 
itself,  when  it  will  usually  fill  the  tuyeres  and  blowpipes.  Sometimes 
he  will  try  to  "dry  the  tuyeres"  by  using  all  the  heat  avkilable  and 
flushing  continually.  Although  this  makes  the  furnace  stick  tighter 
than  ever  for  the  time  being,  the. high  heat  miaj  cause  the  cinder  to 
disappear  from  in  front  of  the  tuyeres,  when  the  furnace  may  be 
checked.  Sometimes  he  takes  a  chance,-  checks  the  famao^,"and'  per- 
mits the  cinder  to  ran  bac^  in  the  pipes,  trusting  that  they  i^iil  not  be 
cut  or  burned.  The  peculiar  feature  about  this  condition  is  that 
although  the  cinder  notch  mffj  be  open,  and  the  furnax^  apparently 
drained,  cinder  may  lie  persistently  at  the  tuyeres.  ' 

Increasing  the  amount  of  limestone  charged  is  usually  beneficial 
in  old  fumaces,  both  by  increasing  the  slag  resume  and  in  increas- 
ing the  coticentration  of  CO^  in  the  top  part  of  the  furnace.  In  one 
furnace  with  a  badly  eroded  lining,  an  increase  of  600  pounds  ^gf 
lijnestcHie,  about  10  per  cent,  vi^ii^y  eliminated  an,  incessant  ^^ies 
of  top  slips  of  long  standing:  ^  <• 

An  extra  round  of  coke  and  a  slight  lightening  of  the  burden  for 
8  to  12  hours  is  usually  eflScacious  in  stopping  a  ^roneness  to  woi^c 
stiff;  that  is,  dipping  about  8  to  10  feet  at  regular  hourly  intervals 

Stubborn  hanging  and  frequent  oheckis^  and  slipfting  oaA  usually 
be  most  offectHally  stopped  by  a  largis  coke  blank,  or  ^doae."  At  a 
few  plants  where  the  funiace  is  meehanically  strong,  has  a  tight  top, 
and  ample  stove  equipment,  there  is  sometimes  a  disposition  to  make 
the  furnace  relieve  itself,  without  the  use  of  coke  blanks,  a  .Ughtenii;]^ 
of  the  burden  being  the  only  aid  given.  This  is  possibla  onJ^y  wh^e 
equipment  is  in  first-class  condition,  plenty  of  stove '  heat  is*  available, 
and  there  is  little  dispodttlom  toward  being  critical  as  to  solphnr  and 
silicon  in  the  iron. 

USE  OF   8TSAH   IN   BLAST. 
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A  iffw  plants  hate  nMd^steam,  adfffitti^  wfthliie  Mast,  to  looi^n 
hangmg  fttmaces,  but  there  does  not  seem  to  be  inuch  enthusiasm 
for  this  method. 


2&4         BLAST-FUBITACE  BP^AKOFT^  ^Sl^tP^IlS,  AND  SLIPS. 

Descriptions  of  slips  and  the  accidents  caused  by  them  follow  t 

A  foreman  and  bdper  were  on  top  of. a  fxxntBO^  koMpegtiDg,  the  condition  of  the 
bell  when  the  furnace  slipped  violently.  Flames  from  the  explosion  doors  ami 
from  inside  the  gas  seal  burned  both  men  so  ^  severely  that  they  were  disabled 
for  more  than  six  months.        •     '  r  .  * , 

Two  top  fillers  were  x^ugbt  lo  a  siip'  ^'hicb  blew  the  bell  out  of  the  fomace 
and  enveloped  the  top  of  the  furnace  in  a  cloud  of  burning  gas  an^  dust  The 
time  lost  was  7  and  13  weeks,  respectively.   • 

Two  bottom  fillers  were  sent  up  to 'oil  the  sheave  v/heels  on  top,  and  were 
caught  in  a  eUp^  the  flytagr  finat  aetUing  on  thetr  faeasand  arnsL  Loat  time,  10 
^ajB  each. 

Two  top  flUera  and  ome  rodding  pianr  were  burned  by  flying  ^Tist  and  flame 
ejected  by  furnace  sli^,  De9ulting  in  a  los^  of  time  of  21,  30,  and  3t  days,  re- 
spectively.     /  '  ^       . 

A  dust  man  was  duiliijping  a  dust  catchier,  wTten  the  furnace  slipped  and  gas 
htew  ottt  tpoth  the  bottom  of  the  'cateler,  ^IhMus^  tue  open,  bell,  ^uvnlag  Us 
hands  and  face  and  neaultitig.  in.  2'  6w«k  dUsabUltly » - 

A  ^U0t  Qian  was  standing  along^^  a.f^,.pia(ying  wa|^  on  ^.dnat  which 
had  Just  l^een  dumped,  when  the  furbace.  slip;ped.  To  escape  the  falling  mate- 
rial he  Jumped  off  the  wall  into  the  dust  car  beneath  the  catcher  and  burned  his 
feet,  ankles,  and  legs  severely  with  the  hot  dust,  fie  suffered  26 -days'  dis- 
ability. /  .1  ;•    /i  I  I     •   -  :  '  .i 

A  dust  inan  was  cleaning  up  dust  beneath  a  downleg  which  had  just  been 
emptied  when  the  furnace  shipped.  -  The  preslsure  blew  the  bell  on  the  leg  open, 
and  the  dust  and  flame  burned  his  scalp  and  neck,  resulting  in  35  days'  dis- 
ability. 

A  dast  man.waa  beiksath  a  dust  catqher  elM^pping  v^  the  doors  on  a  hopper 
.  car,  ^hen  the  fnrnaoe  .9|i^pedp  opening  the^  dust-  be^  and  sending  a  shower 
.,of  burning  dust  and  flame  oyer  his  hands,  ^'Vjrist,  face,  neck,  and  ears.    £Le  lost 
41  days*  time. 

A  track  cleaner  wai^  tmd^heath  a  dust  catcher,  th^  tiAse  of  whidi  was  en- 
tirely inclosed  except  at  the  track,  cleaning  thie  track  tmmedlately  after  tiie  car 
had  been  ^ithc^^wn^  ,Thei  furtia£:e  alipp^  and,)cnoc](ed,tJ|e  dnat  beU  off  the 
leye?",  apd  the  n^an  was  killed.   . 

A  stove  tender  was  adjustihg  a. burner  nose  shield  when  a  slip  caused  the 
burning  gas  to  puff  back  about  the  door  fi-anie  and  burner,  burning  lite  head  aofi 
neck,  he  lo^^ft  days-  time;  Ai^bther  stove  tender  opeAed  a  door  to  see  how  the 
gas  was  ^bomtng^  Juse  then  h'  slip  ocburredr  and,  gas  ejeetad  from  Ae  deor. 
.burned  his  face,  ears,.scalp^  aeck»  wriaA' ^i2<^  hap^*  Another  te(nder  was  strack 
on  the  head  by  a  small,  piece  of  falling  coke,  jCausing  4.da^s'  \<^t  time. 

In  three  separate  instances  when  cleaners,  were  cleaning  the  wells  of  stoves 
fn  which  the  gas  had  been  left  burning,  gas  blew  but  6f  the  doors  on  account 
'  of  the  furtia^es  Bltpping>  and  hurried  the  men^a'  hair;  fh^,'  and  hand»,  larttrfvlnj; 
ibdsds.of  29itei^da9«j'  -  -^  )  \  i'n':'\..'  ..■  J  -^<  • 
\r  In.  foUf  Uistcaices  \>Ohn€^-houfle  Hr^m^o.  «^rft>tf)ulMi9!9i?e6  ot  blowii^r  tubes, 
when  gas  was  driven  from  the  doors  by  the  furnace  slippjlng  a^d  caused  btiros 
resulting  In  disability  of  2  to  68  days. 

In  six  instances  when  men  were  working  about  the  furnace  front  changing 

rtuyi^reSf  blewill^eap  i^r.^e)^,  th6,f^(Uice.s^jp^|  bl^^F^g^tfaa;  ^te.  and  dnder 

^  frpm  th^  ppeaing  over  tl^  ^uen,  ^u^lnis;  .disabil^leS;  ot  16,  17,  25ij  OP,  07,  and 

2l0  days,  respectively.      '    -     -     ^  •      -  *  ' '  ,      .     * 


.  I '  «  .•< 


Save^  XQ^.iK)^]^  A)>oat  th9.trpi]4;fOt.a.tii|q;)iog(  hp^  ^e  tpsnace  wufi  b^dly 
scaifolded  aQ()  th^  wen  were  puttiu|:ap<^1(, burner  in  to  b^rn  out  a  cavity,  in 
the  hearth,  when  the  furnace  slipped,  throwing  a  sdiower  o£  cinder^  d.u^t,  and 
flame  over  tbeoL 

A,4du6Bs  smw^  i^^o^T^d  limrqv  of  tb^vab^men  in  a  similar  mai^nerf  causing 
ftlowpf  tinie,ojt.21.dayp.'      ,,(, 

Two  laborers,. engfigod  in  ynloadlag  .«oke  from  a  flat-bottom  blgb-side  coj^e 
car  were  fatally  burned  by  being  caught  in  a  shower  of  coke  tbrown  out  of  an 
adjacent  furnace  by  a  heafvy-^kp."    -  '   -- 

A  bpUer  cleaner  was  standing  o^  the  combustion  chamber  of  a  boiler  sealing 
tubes,  when  the  furnace  slipped.  There  bein^  no  roof  over  the  boiler  house, 
some  red  hot  coke,  hit  him,  setting  his  Jacket.' afire.  He  thereupon  'Jumped  off 
the  boiler  to  the  ground,  and  hi  <;oki3e<iuence  of  burns  and  bi^tises  was  severeily 
injured.  ,  i         '   .  .      i  ! 

A  slip  tlure:w  the!  ba)l .  and  hopper  o\^\  at  •  a  f uri^fice,  killed  one  ma/i  and 
Injured  several  «eriou8ly^  the.  falling  ore,  coke,  and  limestone  being  blown  a 
great  distance. 

A  iBlip  caused  the  dust  catcher'  to  burst,  and  the  escapini:  gas  formed  a  ^eiet 
of  flame  which  fatally,  bnrned  five  men  an<i  injured,  four  others. 

Several  accidents  have  occurred  In  former  years,  none  recently,  in  which  a 
scaffold^  furnace  slipped  and  the  Impact  of  falling  material  on  the  sloping 
walls  burst  the  bosh.     (See  p.  22.) 

The  most  tiumeroutf  t3l^  of  tf^d^C^f-lb  'e<»tti^sed  in  m^' being  Struck  by 
falling  material  thrown  fr<Mn- explosion  doors  and  bleeders.  Six  instances  are 
known  in  whieh  ris^fers  and  mlUvnrf^ts-  working  <m  elevations  or  platforms 
dlfficttlt  of  escape,  were  struck  by  material  tbrown  out  by  a  -sHp,  and  were 
injured,  losing  2  to  4  days'  time.  In  a'fiother  lastAnc^  a  man  jufhped  from  a 
hot-blast  valve  head  to  escape  from  a  slip,  fracturing  his  leg,  and  fn  another 
case  a' man  leaped  from  the  top  of  a  stove  to- escape  a  slip  and  was  killed. 

Other  accidents  from  the  same  cause  ai^  cited  telow : 

Coke  thrown  from  the  furnace  struck  a  man^s  leg,  burning  and  bruising  it 
and  causing  a  loss  of  2  days^  time.' 

A  man  was  working  on  trestle  and  coke  thrown  frpm  furnace  by  a  slip  cut 
his  scalp,  causing  a  loss  of  15  days*' time.  ' 

The  furnace  slipped  and  a  manrunnlng''for  cover  was  struck  on  the  neck  by 
hot  colce^and  bmped  hto^heftd^i^^rawliog  un^er  a  oar,  Joeing  17  di^s*  time. 

A  piece  of  brick  thrown  out  in  a  slip  fractured  a  yard  cleaner's  rib,  causing 
a  loct'of  aO'daysw    »:  -      .   '  ■>  .     ...'■       .•  •  .».■." 

A  \$Aptt^f  >W9  figging  9k  di/^.ti)w^(t)i«.^v;f^»o^t  wh^^it  alippfift.  A'li^inp 
of  pre  f^U  .il^pm  ti^^  fop  apd  b^r^k^. Jhif^  %irm,^  <;an^inj^  a  loss  of  4^  <|ays. 

A  laborer  stepped  outside  the  cast  hoi\se  as  the  lurnace  slipped  and  instead 
of  juinping>ack;  attempted  to  run  t(f  a  near-by' office.'  He  tripped  ah&  hot  coke 
burned  his  legs  and  body  J  loss^'tlme,  42f  days:     •  '      '.  »'  .        ' 

Thi  fiirna^'Sli|ip|^4lhf owing  tet'coite  oh: man  denning  up  daaer  on  the 
tradts  AfaD'tl^  JorMoe^'  .9}h0,|ttai^ivfi9  )MHrn^»aM»vt  t^o^^ta(p^  neQk»,efu*s,  and 
arm^;^jQSte8aays.j   ,     .  .  ■•   L    '      •     '     .,',./.:',;   to     ■/.      r       ) 

In  four  different  instances  9ien  who  were  standing  near  a  furnace  watching 
the  top  to  see  the  furnace  slip  were  injured,  tn  i^ome  of  these  It  was  necessary 
for  the  "men  to  note  the  starting  of"  a  slip,  so  that:  they  cbuM  signal  for  the^blist 
to-be  turned  piv )  fo  ^ttiers  th^-injuted ^ta^n  Sv^m^  not' bblfgBd  to  Mriy  In  a  haoivd- 
ous  posHloiH  bot.dldlao  bvttpfTctaiQQitF/  !thi9  hyft  ttm^  wm  15,  28b.3N^«.aiid  3^ 
days,:re^WBcftvtly.    ..,   ',  ..;  ...    ..,,.  ..  .'  .      '    r  i-..   .      .     .:::.     / 
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Right  men  were  severely  burned  and  bruised  by  materiar  expelled  from  a 
furnace  by  a  i^lp  falling  upon  them  while  In  an  adjoining  cast  house,  from  which 
the  roof  had  been  removed. 

Two  men  engaged  In  cleaning  the  roof  of  a  cast  house  were  caught  by  a  slip 
and  burned  by  the  hot  dust,  causing  disabilities  of  27  and  30  dtty^,  respectively. 

A  slip  broke  the  shell  of  the  furnace  and  ejected  a  shower  of  red-hot  coke 
and  ore  over  seven  laborers,  causing  disabilities  of  8  to  246  days. 

CHAKACTEB  OF  IHJT7BIE8. 

By  far  the  most  numerous  class  of  employees  suffering  accident 
from  slip^  is  comprised  in  the  laborers  about  the  plant.  These  men, 
for  the  mos^t  part  unacquainted  with  the  obscure  indications  of  an 
impending  slip,  and  engaged  in  tasks  singly  and  in  gangs  about  the 
plant,  in  the  yard,  on  the  trestle;  and  at  the  cast  house,  make  up  the 
bulk  of  men  injured.  The  possible  severity  of  Taridus  injuries  and 
the  amount  of  time  lost  is  indicated  in  the  following  tabulation. 

Thirteen  typical  accidents  at  tlast-furnace  plants,  nhotdng  time  lost 

Period  of 
Kind  of  accident.  disability. 


1.  Lacerations  .of  forehead,  buroa  of  oeck,  face,  and  hands 3 

2.  Burns  of  necliu. . < — ».*. .  3 

8.  Burns  and  cuta  on  faoe  and  neck ^, — ._ , 5 

4.  Burns  ol  face,  laceration  of  scalp ^^ ^ 7 

6.  Burns  of  hand  and  forearm — .._-^— .^ .. ^  12 

a  Burns  of  hody , . ^^^ 14 

7.  Burns  of  face  and  neck ^. — *. • 16 

8.  Burns  ^nd  cuts  on  face  and  hands 18 

9.  Laceration  of  scalp 25 

10.  Ck)ntused  and  tnrned  shoulder 25 

11.  Burns  and  cuts  on  arms  and  hand>,_ 27 

12.  Burns  on  back  of  hands,  also  bruises *   52 

f  13.  Burns  on  limbs,  also  cuts  and  bruises 195 


'. '  ' 


SBVEBITT  OF  SCTPS  IN  FBESlGflfT  TTPTSS  OF  FtTUf AGES. 


Frequent  mention  of  tops  being  blown  off  furnaces,  shells  bursting, 
aftd  boshes  cfoUapsing  as  the  result  of  sKps  may  be  found  in  the  trade 
journals  of  this  country  lip  to  1909,  ahd  feven  at  the  preseiit  time  in 
foreign  trade  journals.  These  disasters  often  resulted  in  considerable 
loss  of  life,  as  many  as  3  to  12  men  beipg  killed  or  injured.  The  lack 
of  mention  of  such  accidents  in  Amerioaa  journals  during  the  past 

•  six  years  is  partly  due  to  the  t^Iuctance  of  those  ooncemed  to  discuss 
the  trouble  or  to  invite  publicity,  but  more  especially  to  elimination 

\  of  such  accidents.  With  the  exception  of  a  number  of  furnaces  hav- 
u  ing  weak  shells  and  disadvantageous  li^es  and  distribution,  it  noay  be 
fsaid  that  most;  blast-f urnaoe  plants  are  free  from  the  posdbility  of 

•  «utoii  aoeidenis  as  oeoiir  fmm'failuite  of  toi»,  boshes,  or  dieila 

Terrific  slips  still  take  place,  however,  and  the  effect  of  these  is 
confined  to  the  interior  of  the  furnace,  if  it  has  a  tight  top,  or  shows 
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ap  at  the  gas  burner^  and  bleedera  The  net  result  o£  such  ^^ps  i^ , 
largely  confined  to  property  damage  and  decrease  in  tonnage.  Fw 
instance,  at  a  furnace  with  a  tight  top  a  heavy  slip  forced  open  the 
bell  on  a  dust  catcher,  knd  the  gas  rushed  out  throiigh  a  dust  chute 
into  the  hopper  of  a  railroad  oar  with  such  velocj^ty  that  the  car 
rolled  over  and  over  until  it  brought  up  against  a  boiler^-houae  waU. 

A  moeh-dreaded  type  of  ^p  is  one  where  the  falling  colunm  of « 
mateiifti  shears  off  a  numbier  of  bosh  plates  and  admits  large  quanti- ' 
ties  of  water  into  the  hearth  aiid  crucible.    When  this  occurs,  unless 
the  leak  is  discovered  immediately,  it  may  require  one  to  three  day$' 
hard  work  to  get  the  furnace  in  condition  again. 

Occasionally,  altiikough  no  water  reaches  ihe  hearth,  a  pasty  mass- 
of  unsmelted  material  fills  the  hearth  and  part  of  the  bosh.  This 
also  requires  a  long  period  of  hard  work  before  the  mass  can  be 
melted  up  and  the  tuyeres  cleaned  so  that  smelting  and  driving  be- . 
gin  again..  When  the  material  dropped  down  into  the  hearth  is 
loose  the  cinder**notch  cooler  is  sometimes  removed  and  the  mateFial 
blown  out.  One  case  has  been  seen  where  many  tons  of  cold  material, 
coke,  raw  limestone,  and  unreduced  ore  was  blown  out.        •  ,  ' 

Occasionally  the  iron  and  slag  is  just  barely  fluid  and  when  the,' 
tapping  hole  is  opened  the  sluggish  iron  runs  and  chills,  builds  up, , 
and  forms  a  small  crater,  out  .of  the  top  of  which  iron  is  flowing  and.  > 
chilling,  thus  oontinually  building  it  higher.  A  ca^  was  seen  where  ^ 
this  crater  or  accumulation  of  frozen  iron  and  slag  with  a  liquid  core 
had  built  up  almost  to  the  blowpipe  level. 

Another  condition  much  dreaded  is  when  the  stock  slips,  falls .. 
into  the  hearth,  and  jams  down  into  the  bath  of  iron  and  slag,  foro*  > 
ing  it  up  above  the  level  of  the  tuyeres,  where  it  3oaner  or  later  runs 
back  into  a  blowpipe,  bums  it,  compels  the  blast  to  be  taken  off,  and 
then  completely  fills  the  other  tuyeres.    Another  variety  of  slip  is,, 
illustrated  by  the  following  incident:  A  furnace  was  working  stiff  , 
but  not  slipping  markedly,  and  immediately  after  a  cast  was  finished 
a  large  amomit  of  black  scaffolding  material  with  much  cinder  slowly 
descended  to  the  tuyftres.    Tuyere  after  tuyfere  filled  until  when  only  ' 
three  were  available  and  no  cinder  could  be  obtained  at  the  monkey, ' 
braces  were  hurriedly  placed  against  the  stocks,  th^.  bridle  rods  were ! 
removed,  and  then  the  braces  were  pulled  f rotQ[i  a  sajfe  distance.    A  . 
large  aiaonnt  of  cinder  ran  over  the  cast«house  floor,  but  after  it  • 
was  cleaned  up  three  tuyeres  ■  were  ea^y  gotten  into  blast  again 
and  the  furnace  worked  into  condition.    At  the  present  day,  and  at 
most  plants,  this  and  similar  varieties  of  slips  are  the  most  dreaded. 

fiXAMPLeS  OF  EXPIBDIET^TS  tTSBD  TO  (3ttKCk  SLEPPTNO.  ^ 

Some  idea  of  the  work  entailed  by  severe  slips,  a  glimpse  of  the 
occasional  difficulties  of  furnace  work,  and  the  expedients  tried  are 
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shown  in  the  following  ^ascriptions  supplied  to  the  author  by  blast- 
furnace superintendents: 

The  blast  on  both  furnaces  had  been  very  regular  and  the  furnace  became 
very  hot  with  a  very  basic  cinder.  The  burden  Increased  2,400  pounds  In  two 
days  on  one  furnace  and  2,M0  pounds  In  the  other.  The  latter  furnace  became 
<*  lime  cow*  filled  the  tuyeres  in  a  slip,  anc^'^'ukulled^up**  the  cinder  notdi 
with  a  limy  iron^bearlng  cinder.  After,  hddlplr  the  fvnmce  14)  bmtn  tbe  dnOer 
notch  was  finally  opened  and  the  'furnace  waa  flushed,  the  cinder  flIUng  the 
ladles  and  running  all  over  the  yard.  On  Sunday  the  furnace  filled  its  tuyeres 
again  from  a  slip,  getting  "cold  on  the  lime**  and  "heavy  burden"  (too  mudi 
limestone  for  flux  and  too  much  ore),  and  making  no  gas  to  speak  of,  a  new 
stove  showing  only  800**  F.  By  adding  considerable  extra  coke,  lightening  the 
borden,  oxid  reducing  the  JJme  the  furnace  was  graduaUy  wotted  into  good 
condition. 

The  other  furnace,  becoming  very  limy,  was  also  getting  cold  and  hanging 
continually.  Finally  the  monkey  was  taken  out  to  flush  out  the  cold  cinder. 
During  the  flush  thr  furnace  slipped,  filling  the  tuy&res  and  burning  several 
blowpipcfis  and  stodts.  Ab  soon  aii  four  tuy^red  could  be  gotten  the  blast  wm 
turned  on  .and  attempt  made  to  -drill  the  cinder  and  iron  noteh.  After  several 
hooca  tti^  l^lUdt  b4d  to  bf  iMk/^  eA  ior  neither  ieiP  holepM*  ijron  q<H€^  «oiiid 
be  gotten.  Preparations  were  then  nmde  to  cast  through  a. tuyere  about  2  a.  m., 
and  an  oU  burner  was  put  in  both  the  iron  and  the  cinder  notch  and  was  set 
goin^,  taking  the  blast  from  the  other  furnace.  The  water  was  then  taken  from 
the  tuyere,  after  a  runner  had  been  made,  and  for  15  minutes  Iron  and  cinder 
flowed  from  the  ti^r^fle.  The  tuyere  was  then  pluggeil  with  clay  and  brick  st 
7  pfm.iE  the  evening»the  li'on  notch  wtas  opened,' the  wind  haring  been  off  In  tbe 
n^eantime,  and  four  ladles  of  Iron,  obtained.  The  notch  was  plugged  with  saod, 
coke  dust,  and  clay,  but  hardened  again,  requiring  a  blowpipe.  It  was  finally 
opened  at  5  p.  m.  the  next  mornlngj  the  burden  lightened,  tlie  lime  taken  off, 
and  several  blanks  ist  coke  charged,  and  the  furnace  was  gradually  gotten  Into 
condition. 

Another  example  is  as  follows : 

The  furnace  had  gotten  cold.  At  10  a,  m.  It  was  reported  to  have  been 
hanging  for  two  hours,  and  shortly  after  it  slipped  to  the,40-foot  line  (this  would 
be  a  25-foot  eAlp).'  It  was  fllled,  and  made  a  slight  Mlp  a  half  hour  later. 
At  4  p.  m.  it  had  been>  banging  two  koura  and  flipped  to  1^  45«foot  line,  bloir- 
ing'  off  the  tQP  and. filling  ^e  blowpipes  and  tuyeres.  After  th*  honwr  abA 
bell  had  been  (replaced  the  furnaoe  was  giyep .  800,000^  pounda  of  eoUK  vith 
limestone  flux,  with  the  result  that  the  cinder  showed  up  Hmy  and  fllled  tbe 
tuyeres  again.  ^  By  this  time  the  cinder  notch  and  tap  hole  were  tightly 
frozen,  and  a  burner  had  t6  be  put  on  both.  The  -cinder  notch  was  easily 
opened  with  the  burned,  and  after  eeteral  'flushes  a  runner  was  made  and  a 
cast  takki  ttom  thei<!indert«otchj  Atthe'iroia  notth^  however^^tlie  burner  wjs 
iq  6  49et,'aaMl-  no  iaroqi  could  be^flotteau  spa.  i^Tget  of  ^djhlanilte  was  put  la. 
well  .tapped  wl^  clayf  &n^  set  off*  ThiSMopeaad  the  ha^  to  some  extent, 
buit  after,  a'  while  it-  ^roze  up  again.  The  l;)uraer  was  put  on  once  more,  auti 
the  notch  Anally  opened,  and  the  roof  broke  above  the  hole,  making  a  good  cast 
By  using  eztffaeqke  and  light  W^u^t  the  tuy^ree^  were  gradually  opened  and 
the  furnace  was  worked  into  condition. 

These  notes  are  typical  of  th(^  work  required  when  violent  slip- 
ping occurs,  and,  with  the  exception  of  the  blown-off  top,  represent 
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the  ^mergencde^  ''fof  *'Mfeh  *ftnti&e  'irien  must  be  prepktfed,  even 
noiv9day&  The  cx|[jg§n/]^ttP3yaF.^^  xo^^  thei^Pf-k  n^iUcb  eaisiery  but 
expemnice  i^  stplt^ii^  i^q^^^:in  de^;ii)n^  tbe;^t^P9  neoe^^axy: 

to  get  a  luraaoe  mtp  coTM^ii^a  agpi;q|i  ft^ftepr,  t^e^^tpy^^  9Pd  zu>tch)e8 

The  een«i;»l  rule  J^  to  ^jb  ^^tj  l&iMsti.one  tuy^re^  ikdJAc^ut,to  th$; 
cinder  notch^  on  blaBt^  and  tQ<>TC^..t)i^|i  4^q  dire  not  consider  desir*; 
able  at  the  start*  J^  .$c^d^  e^^%  t^pr  t^y^ms^  l^^ve.  jb#>d  :to  h^  ybaiMipi^ 
and  the^  |ui*niu^  atimt^iwitb  fV:mQ9^(  weit^Bd.Ui  the  bosk  d 
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Practice,  design,  ^md-tiiateittate 'may  be  adjusted  to  a  eMsfderaBte 
extent  to  give  a  certain  %;^^$gu  %^  ^U^  In  view  of  the  many 
handicaps  to  attaining  a  minimum  amount  of  slipping  and  the  cer- 
tainty t^at  dlipa  witl'oedtir^  prMection'of  the  ftmee  from  injwies  by 
thede  ^eantai  ii&  efii^tktifeil.  /Phe' tiii<wli  ttital  step  tn  -eMminateig  sli|p«- 
and  -tile  itijniie9  rabltibg^ll^hlBff eli'om  is  an  Im^vemeM  in  deikign. 

;  .j«     ;>      < '   J       ■ ' '    ]*  i     ■•     ■      '      :  .       •  ';  •    '  J     •       '    .        •' ' 

The  improvement  th«it  hag  resulted  in  tKe.  greatest  diminiition  of 
accideAt^Jis  t^ie  .^^pJicat;ion^,Qf.tI?i.9  tight  top  to  furnace  construction. 
ForxQ^rly  a.  man  virtually  took  his  life  iu ,  tii^  hands  when  he 
ventured  on  top  of  a  .fur;a^c^,ipr  0fl.,^y  elevated  place^  difficult  of 
escape,  in  range  of  cxplosiQu  doors.  '.The  ti^t  top^  with  no  explo-^ 
sion  doors  and  with  a  positively  dpsi;^  bleeder,  or  bleeder  which 
allows  only  .fin^  dust  to  esc^pe^|t|is,p^a.ctip^lj[y  e|iminated  th^  chance 
of  injury  by  flying. materi|alj^fll^me,^or.hpt  dust.. 

On  furnaces  oi  mo<|ern  construction^  having  heavily  armored^ 
boshes,  tjiiree-fourths  i^oh^dpuljle  ai;d,,tiri^plp  riveted  shells,  dome,  or, 
strongly  braced  top^,  and  st^pngly  !c9nstr.ucj;^  down9omers  and.  dust 
catchers,  e;xplQsion^  doors  hf^ve  been.ejiminated  with  impunity,  and 
automatic  ):)|eederis  have  been  replaced;  ^ith  l^lee^er  valves  that  opei;ied, 
only  byhaiid^  high  i)resswre  f/pm,  slips  either  forcing  them  against, 
their  seat  or  balancing  any^tepdeacy  tp.  open.  At  furnacpa  of  ,qiies- 
tiooably  strong  donstruciio^i^  ^o  that,  a^  slip  liptay.jburst  the  shell  unless, 
prompt  relief  of  pressure  is  afforSeil,  explosi(^n  dopis  at  tl>e  gas  off- 
take can  usually  .be  e^imina^ed  vyith^po  dan^^r  of  ^he  shel^  b.urstfng, 
provided  that  bleeder  valves,  of  .ample  capacity  are  instialled.  By 
eluninating  the  explosion  doors  and  providmg  four  bleeder  valves 
instead  of  the  usual  singtB^;vBl\«,;fldiqcRita  relief  is  afforded,  and 
placing  the  valves  at  the  top  ojf  bleeder  pipes  20  to  40  feet  above  the 
funiace' top  lessens'  soihewhat  the  amoiitit  of  itiajterlal  ejected  by  the 
nish  of  gas  wheii  minor  slipping 'occurs: '  ' 
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'    tea  • 

BEIKPOBCIKG  TH^  BOSH  AKB  STBENQTKiqONO  THE  TOP. 

J        •    .  .  . 

'F^requen'tly  wKUte  radical  steps  ar^  neoessary  if  the  furnace  ^ell  or 
bosh  coto^ruction  seems  too  treat.  Heavier  and  wider  bosh  bands, 
^ide  enough  to  fill  the  vertical  distance  between  the  bosh-plate  boxes 
or  openings,  may  be  provided,  and  the  old  bosh  bands  placed  inside 
the  f tif na<*e  stack  in  a  series  of  reinforcing  bands  at  8  to  5  foot  cen- 
ters, a  ifew  bands  of  similar  material  being  used  to  supply  any  de- 
ficiency. '  *rhe  top  toay  Require  further  strengthening  by  additional 
braces  from  the  shell  to  the  top  ring,  and  also  better  provision  against 
displacement  of  the  hopper  and  hopper  extension.  Such  modifica- 
tion enables  the  use  6f  bleeders  that  afford  relief  of  gas  pressure,  but 
not  th^  escape  of  large  pieces  pf  lipfie^ney.coke,  or  ore« 

EXPLOSION  DOO&S. 

The  pireaenee  of  explosion  doors  on  gas  ofl^aloes  has  not  sufficed^ 
regardlea^  of  their  dze  and  number,  to  prevent  slips  from  throwing 
the  bell  Had  hopper,  out  of  the  top,  splitting  the  shell,  and  wrecking 
the  base.  Furthermore,  the  difficulty  of  maintaining  tight  seats 
owing  to  erosion  by  dusty  gas  or  warping  of  the  door  or  seat  intro- 
duces the  possibility  of  air  sucking  in  during  shutdowns  or  slips, 
thud  causing  so-called  "top  shots"  occasionally. 
•'The  uselesshess  of  explosion  doors  in  preventing  danger  from 
explosions,  the  annoyance  they  cause  by  ejection  of  material  on  even 
trivial  slipping,  the  cost  of  keeping  the  yard  clean,  and  the  danger 
of  elected,  material  falling  on  men  about  the  yard  and  furnace  top  is 
^ffici^nt  cause  ior'  their  elimination.  Some  plants  having  four  to 
sii  ^xplosioii  doors  have  found  It  safe  to  eliminate  half  of  them. 
The  door  is  left  in  place  and  is  fastened  down  on  its  seat  by  a  so- 
called  ^* safety"  bolt,  three-eighths  or  oWhalf  inch  in  diameter, 
M^hich  supposedly  will  break  In  the  event  of  a  violent  slip  and  per- 
ipit  the  door  to  open.  At  one  plant  where  this  arrangement  is  used 
none  6f  the  bolts  haVe  ever  broken.  Another  practice  is  to  pro- 
vide hinged  explosion  doors  witii  heavy  chains,  which  prevent  the 
door  fa-omi  opening  lAore  than  12  to  18  inches.  Sometimes  a  heavy 
structural  beam  is  fastened  over  the  top  of  an  explosion  door,  so 
that  a  horizontal  door  can  not  lift  more  than  a  few  inches  when  the 
furnace  slips.  Hinged  explosion  doc^rs  may  be  provided  with  a 
shield  in  front  of  Ihem,  whick  prevents  material  being  thrown, 

sometimes  hundred^  of  yards,  over  the  furnace  or  adjacent  property. 

/..-«'■  i      ■ 

IJIeeder  .valves  are  of  two  type^— valves  seated  at  the  outlet  of  the 

•  i7<  J    ■  •  It'll*'"*  1 

bleeder  pipe  and  valves  contaiined  within  the  pipe,  the  outlet  being 
above  the  valve  and  a  continuation  of  the  nine.    Both  tvnes  may  be 
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arranged  to  permit  the  passage  of  solid  material  carried  in  the  gas 
or  to  prevent  it  from  escaping  with  the  gas.  Wheu  possible  such 
valves  should  be  designed  to  permit  only  fine  material  to  escape, 
thus  eliminating  the  showering  of  heavy  lumps  on  the  roofs  and 
yards,  while  affording  reUef  from  gas  pressure.  Interior  valves  per- 
mit gas  to  escape  without  the  noise  that  characterizes  the  other 
type  and  are  less  liable  to  burning  of  the  control  levers  for  closing 
the  valves  against  high  pressure. 

NECESSITY  OF  STBONG  CONSTBTTCTION. 

If  the  use  of  explosion  doors  and  bleeders  that  permit  free  escape 
of  material  is  required,  then  safeguards  should  be  provided.  How- 
ever, the  fact  that  the  jacket  is  considered  so  weak  that  the  throttling 
of  the  release  of  gas  pressure  would  present  hazardous  conditions, 
should  justify  serious  consideration  of  strengthening  the  bosh,  shell, 
top,  and  downcomers  at  the  first  opportunity.  Such  weak  construc- 
tion, if  it  exists,  is  inimical  to  the  safety  of  employees  and  may  cause 
serious  losses  in  production  and  investment  in  the  event  of  heavy 
slipping. 

SIGNAIiS  AND  WABNTNGS. 

SIGNALS  BETWEEN    CAST   HOUSE,  BLOW^ING   ROOM,   AND   SKIP   OPERATOR'S 

STATION. 

Unnecessary  hanging  of  the  furnace  may  often  be  avoided  by  the 
use  of  a  telephone,  speaking  tube,  or  signal  bell  and  light  between 
the  skip  operator's  station  and  the  blower's  office  and  the  cast  house, 
or  by  a  system  of  regular  half -hour  card  reports,  showing  the  height 
of  stock  line  and  furnace  condition,  whether  "hanging,"  "stiff," 
"  regular,"  "  out  of  reach,"  "  slipped,"  "  number  of  charges,"  etc.  The 
simplest  type  of  signal  from  the  skip  and  bell  operator  to  warn  that 
the  furnace  is  hanging  is  a  blast  from  a  special  whistle,  used  only  for 
this  purpose.  More  in  favor  is  a  signal-light  system,  of  which  pos- 
sibly the  simplest  type  is  a  red  light  in  the  cast  house,  which  in  event 
of  the  furnace  hanging  is  turned  on  by  the  skip  operator.  This  is 
supplemented  by  a  similar  red  light  at  the  skip  operator's  station, 
which  the  foreman  or  blower  lights  from  the  cast  house  when  he  is 
checking  or  stopping  the  furnace.  Sometimes  this  signal  system  is 
elaborated  by  having  two  lights,  one  white  and  one  red ;  in  the  cast 
house  red  indicates  "hanging"  and  white  indicates  "slipped," 
whereas  at  the  skip  operator's  station  red  indicates  a  "stop"  or 
**  check,"  with  notice  to  report  the  condition  of  the  furnace,  and  white 
indicates  "  blast  one  "  or  "  start  charging."  Occasionally  a  gong  is 
used  to  supplement  the  light  in  order  to  attract  attention.  Instead 
of  the  foreman  having  to  notify  the  skip  operator  that  he  is  check- 
ing the  furnace,  a  "buzzer"  is  sometimes  relayed  from  the  engine- 
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room  whistle  circuit  so  that  the  skip  operator  is  automatically  noti- 
fied in  case  of  a  check  or  stop.  Two  plants  have  installed  an  elec- 
trically lighted  signboard  in  the  cast  house,  at  which  the  height  of 
the  stock  line  and  the  words  "  hanging  "  and  "  slipped  "  are  illumi- 
nated as  required  by  punching  in  a  plug  at  a  miniature  panel  in  the 
stock  house. 

The  use  of  an  automatic  recorder  located  in  the  blower's  office, 
showing  the  movement  of  the  skip  or  hoist,  bells,  rodding  de- 
vice, and  the  distributor,  if  any,  is  an  invaluable  means  of  noting 
any  interruption  to  regularity  of  charging.  A  ^milar  knowledge  of 
interruption  of  filling  is  afforded  by  a  sensitive  top  temperature  or 
top  pressure  recorder.  Frequently,  if  a  daily  analysis  of  furnace  gas 
from  samples  representing  an  8  or  12  hour  period  are  made,  water 
leakage  may  be  indicated  by  the  abnormally  high  hydrogen  content 

In  order  to  avoid  mistakes  in  checking  the  furnace  at  the  blowing 
room,  the  whistle  should  be  as  dissimilar  in  tone  as  possible  from 
other  whistles,  and  the  furnace  from  which  the  signal  is  blown 
should  have  a  light  of  different  color,  or  its  number,  displayed  in 
the  engine  room  by  the  circuit  operating  the  whistle.  The  use  of 
electric  power  for  operating  the  whistle  is  preferable  to  other 
means,  as  a  light  may  be  placed  at  the  cast-house  switch  whidi 
is  flashed  at  each  contact.  At  one  plant,  to  insure  thorough  under- 
standing of  signals,  each  engine  is  provided  with  a  switch  at  the 
engine  throttle,  whereby  the  engineer  is  enabled  to  relay  the  blower's 
signal  back  to  the  cast  house.  One  plant,  in  order  to  be  sure  that 
the  electric-signal  system  is  always  in  working  order,  has  it  so  ar- 
ranged that  the  telltale  Ught  on  both  the  cast  house  and  the  blowing 
room  are  in  circuit  at  all  times,  and  lighted,  except  when  the  switch 
is  thrown  for  the  signal& 

GENERAL   IHETHODS  OF  WARNING  WORKMEN. 

There  are  three  general  methods  of  special  warning  to  workmen 
about  the  yard,  stoves,  trestle,  or  cast  house.  Some  plants  provide  a 
whistle  at  the  skip  operator's  station,  as  already  noted,  or  at  the  cast 
house.  When  placed  in  the  cast  house  it  is  blown  by  the  man  check- 
ing the  furnace,  and  is  preferable  to  the  other  location,  in  that  the 
blower  can  often  tell  when  a  furnace  is  about  to  slip  when  the  skip 
operator  will  not  have  any  intimation  from  the  filling  or  rodding 
that  such  is  the  case.  Also,  if  the  blower  gives  the  signal  he  can 
time  it  more  closely  to  the  actual  danger  point  than  can  the  skip 
man,  who  is  in  ignorance  of  when  the  furnace  is  to  be  checked. 

Another  method,  used  at  but  few  plants,  however,  consists  in  hav- 
ing a  number  of  red  lamps  at  points  commanding  a  wide  range  of 
yard  or  working  places.  In  event  of  the  furnace  being  due  to  slip, 
these  lights  are  thrown  into  circuit.    They  really  supplement  the 
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whistle  at  the  blowing  room.  Inasmuch  as  this  whistle  is  blown  for 
a  shutdown,  for  making  a  cast,  or  for  changing  a  tuyere,  it  soon 
ceases  to  have  any  particular  significance  as  regards  indicating  a  slip. 
If  it  is  supplemented  by  red  lights  about  the  cast  house,  men  in 
hazardous  positions  can  readily  determine  whether  the  furnace  is 
about  to  slip  by  glancing  at  the  lights  when  the  signal  at  the  blowing 
room  is  heard. 

A  similar  safety  provision  is  in  force  at  four  plants,  where  in 
event  of  a  slip  signs  are  displayed  which  read  "Danger — furnace 
slip."  These  signs  are  covered  when  the  furnace  is  running  smoothly, 
and  are  displayed  only  in  event  of  an  impending  slip. 

When  a  signal  is  needed  for  men  at  the  stoves,  boiler  house,  yard, 
trestle,  in  cars  or  in  ditches,  on  top  of  the  furnace^  or  in  any  exposed 
place,  a  whistle  is  the  simplest  and  most  urgent  warning.  It  should 
be  loud  and  of  distinctive  sound  and  not  smaller  than  2^  inches  in 
diameter.  It  should  be  sounded  as  a  warning  when  the  furnace  is 
discovered  hanging  and  repeated  before  the  furnace  is  checked. 

PBOTBCTIOir  FBOX  TALLTSa  AJSTD  FLYINa 


The  roof  over  the  cast  house  should  be  of  at  least  three-sixteenths 
inch  steel  plate,  as  roofs  of  corrugated  iron  are  likely  to  corrode 
rapidly  and  permit  material  to  fall  upon  men  in  the  cast  house. 
The  walls  of  the  cast  house,  if  not  continuous  from  roof  to  floor, 
should  extend  down  far  enough  to  prevent  material  from  rebounding 
from  stoves 'or  adjacent  furnaces  and  buildings  into  the  cast  house. 
The  roof  should  be  continuous  about  the  whole  diameter  of  the 
furnace.  Boilers,  hoisting  machinery,  cinder-crane  operator's  cabs, 
hoist  houses,  and  offices  and  shanties  in  proximity  to  furnaces  should 
be  similarly  provided  with  strong  roofs  of  fireproof  material 

The  windows  should  be  provided  with  strong  wire-mesh  screens. 
One  plant  has  installed  a  series  of  canopies  or  coverings  over  walks 
and  steps  about  the  base  of  the  furnace,  where  it  is  frequently  neces- 
sary for  men  to  walk  to  and  from  their  work  in  range  of  flying  mate- 
rial from  slips.  Where  oil,  steam,  or  air  cylinders  for  operating 
the  bell  cylinders  are  in  range  of  flying  material,  many  plants  have 
installed  steel  roofing  over  the  cylinders  to  protect  repair  men  from 
injury.  Several  plants  have  installed  small  shelter  houses  at  the 
top  of  the  furnaces,  generally  on  the  top  platform  adjacent  to  the 
bridge  from  the  stoves  to  the  furnace  top,  to  provide  shelter  to  men 
caught  in  a  slip  while  working  at  the  top  of  the  furnace. 

FBECAUnOHS  TO  PBEVEKT  ACCIDENTS  FBOM  SLIPS. 

To  prevent  accidents  from  slips,  aside  from  the  hazards  from 
falling  material,  which  may  be  quite  remote,  or  absent,  or  guarded 
against  as  described  above,  certain  precautions  are  necessary  in  the 
work  about  the  cast  house,  stoves,  boilers,  and  top. 
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FBECAUTIONS  IN  QOINQ  ON  FURNACE  TOP. 

When  it  is  necessary  for  men  to  go  on  top  of  a  furnace  they  should 
report  to  the  blower,  regardless  of  whether  routine  or  special  work  is 
to  be  undertaken.  Before  the  blower  permits  the  men  to  go  he 
should  take  all  possible  precautions  for  their  safety.  If  the  furnace 
is  hanging,  men  should  not  be  permitted  to  go  on  top  under  any 
consideration  or  circumstances.  It  is  best  always  to  check  the  fur- 
nace and  keep  it  on  check  until  the  men  are  off  the  top.  If  necessary, 
the  blast  should  be  taken  off  altogether. 

PRECAUTIONS  IN  WORKING  ABOUT  THE  CAST  HOUSE. 

If  the  furnace  is  known  to  be  hanging,  warning  should  be  given 
by  means  of  the  whistle,  signs,  or  lights,  so  that  men  about  the  yards 
will  have  time  to  get  out  of  the  way. 

Men  watching  the  tuyeres  when  the  furnace  is  hanging  should  not 
hold  their  eyes  near  the  eyesights,  as  slag  or  coke  may  be  thrown 
against  the  glass  and  break  it ;  also,  they  should  wear  goggles  or  hold 
a  hand  glass  between  the  sight  and  their  eyes. 

Before  a  tuyere,  plate,  or  cinder-notch  cooler  is  changed,  or  the  last 
shift  goes  on  the  drill  in  opening  the  iron  notch,  or  the  crew  begins 
work  on  the  notch  after  a  cast,  or  caps  are  to  be  removed  from  tuyere 
stocks,  or  the  blowpipes  dropped  to  clean  them,  the  blower  should 
be  sure  that  the  furnace  has  settled  and  that  it  is  not  hanging.  While 
work  of  this  character  is  being  done  the  skip  and  bell  operator  must 
not  dump  the  large  bell,  as  hot  slag,  coke,  or  flame  may  be  ejected 
through  the  open  tuyeres  or  plate  openings,  as  if  the  furnace  had 
slipped. 

PRECAUTIONS  IN  WORKING  ABOUT  DUST  CATCHERS  AND  STOVES. 

When  stove-well  bottoms  are  being  cleaned  the  gas  burner  should 
be  shut  off  completely  or  sufficiently  closed  so  that  if  the  furnace  slips 
gas  will  not  flash  out  of  the  cleaning  door. 

Whenever  a  signal  is  given  that  the  furnace  is  about  to  slip,  the 
stove  cleaners  and  hot-blast  men  should  keep  away  from  fhe  clean- 
ing doors,  and  they  should  never  for  any  reason  open  the  doOTS  of 
stoves  on  gas  until  the  furnace  has  slipped. 

Dust  men,  stove  cleaners,  and  stove  tenders  should  keep  from 
under  gas  legs,  and  away  from  stove  burners,  and  under  no  circum- 
stances dump  a  dust  catcher  when  the  furnace  is  hanging. 

PRECAUTIONS  IN  THE  BOILER  ROOM. 

Tube  blowers  and  firemen  should  keep  away  from  boiler-setting 
doors  upon  receiving  warning  that  the  furnace  is  hi^nging- 
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GENBRAL  PRECAUTIONS. 

Foremen  in  charge  of  men  working  in  places  where  they  are 
exposed  to  slips  should  be  on  the  lookout  for  any  signs  of  a  slip. 
When  a  warning  is  given,  any  men  in  cars  or  ditches  or  on  elevated 
places  should  be  immediately  ordered  to  a  safe  place.  Other  men 
in  places  from  which  escape  is  more  easy  should  be  warned  not  to 
remain  so  far  from  shelter  that  it  will  be  difficult  to  quickly  get 
under  cover. 

No  workman  should  be  permitted  about  any  place  where  he  is  in 
danger  from  slips  unless  he  is  actually  employed  there.  If  a  man 
is  assigned  work  in  such  places,  his  experience  about  furnaces  should 
be  ascertained,  he  should  be  warned  of  the  dangers,  and  whenever 
the  furnace  is  hanging  the  blower  should  particularly  warn  him. 

One  type  of  accident  which  occasionally  occurs  when  the  furnace 
slips  heavily,  is  the  ignition  of  oil  in  the  cold-blast  main  by  burn- 
ing gas  surging  back  from  the  furnace  through  the  mixing  valve. 
However,  it  is  only  through  a  poorly  seated  valve,  or  gross  neglect 
in  closing  the  valve,  that  such  accidents  can  occur.  Before  a  f nmace 
is  checked,  the  mixer  valve  on  the  by-pass  between  the  cold-blast  and  the 
hot-blast  main  must  be  dosed.  Two  minor  accidents  from  fire  in  the 
cold-blast  main  caused  by  the  furnace  slipping  and  burning  gas 
rushing  back  into  the  cold-blast  main  through  an  open  mixing  valve 
on  the  by-pass  have  been  noted;  in  one  case  a  cast-steel  elbow  in 
the  main  was  cracked,  and  in  the  other  three  cold-blast  valves  on 
the  stoves  were  put  out  of  commission. 

Inasmuch  as  it  is  always  possible  for  a  mixing  valve  to  be  imper- 
fectly closed  or  to  be  forgotten  and  not  closed  at  all  when  the 
furnace  is  checked,  the  use  of  automatically  closing  valves  should 
be  earnestly  considered.  Such  valves  are  of  various  designs,  either 
closing  by  weight  of  the  valve  itself  when  the  blast  is  slackened, 
or  being  actuated  by  auxiliary  air  cylinders  in  which  the  piston  opens 
or  closes  the  valve  in  the  cold-blast  mains  or  mixer  pipe,  according 
as  the  blast  is  turned  on  or  taken  off  the  furnace.  In  using  such 
auxiliary  valves  in  the  by-pass  an  indicator  should  be  provided  to 
show  the  positive  working  of  the  valve;  also  the  valve  should  be 
inspected  at  intervals  to  see  that  it  does  not  become  warped  or  broken. 

Watchfulness  is  necessary  to  insure  positive  and  effectual  working 
of  automatic  valves,  for  the  use  of  such  safety  appliances  as 
apparently  eliminate  the  need  of  personal  responsibility  invites 
similar  accidents  by  mechanical  failure.  The  installation  of  such 
valves  is  of  the  greatest  value  if  they  are  considered  as  supplement* 
ing  the  personal  responsibility  for  the  prevention  of  fires  and  ex- 
plosions in  the  cold-blast  main,  but  the  stove  tender  should  be  held 
to  his  former  obligation  of  closing  the  mixer  valve  when  the  fur* 
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naco  is  checked,  the  millwright  supplementing  the  stove-tender's 
duty  in  this  regard  by  conscientious  care  of  the  nonreturn  valve; 
otherwise  such  a  valve  is  worse  than  useless. 

CONCLUSION. 

The  furnace  type,  or  features  of  construction,  or  methods  of  prac- 
tice that  will  give  absolute  assurance  of  immunity  from  blast- furnace 
slips,  hot-metal  breakouts,  or  gas  explosions  have  not  yet  been  de- 
veloped. So  far  as  improvement  and  progress  in  these  matters  is 
concerned,  the  past  10  years  shows  an  advance  that  is  to  the  great 
credit  of  operating  men  and  engineers,  and  if  future  improvements 
in  this  respect  can  be  estimated  from  the  advances  of  the  past,  it  is 
apparent  that  accidents  of  the  above  types,  although  they  will  never 
be  eliminated,  will  in  frequency  and  seriousness  become  an  even  less 
serious  factor  than  at  present,  as  regards  regular  and  safe  operation. 

In  the  attainment  of  this  end,  it  is  probable  that,  as  in  the  past, 
improvements  in  design,  construction,  and  practice  evolved  from 
operating  experience  and  experiments  will  be  of  greater  value  than 
inventions  and  technical  investigations,  and  that  furnace  men  will 
look  to  small  but  gradual  improvements  in  the  distribution  of  stock 
within  the  furnace,  the  preparation  of  the  materials  of  burden,  the 
lines  of  the  furnace,  and  advances  in  practice  and  construction 
rather  than  to  studies  of  the  chemical,  physical,  and  thermal  actions 
taking  place  in  the  furnace.  Much  advance  has  been  made  along 
practical  lines,  and  the  writer  believes  that  it  is  in  further  develop- 
ment along  the  same  practical  lines  by  the  men  engaged  in  furnace 
practice  that  the  greatest  advance  is  to  be  expected  in  the  minimiz- 
ing of  the  types  of  accidents  discussed  in  this  report. 

'SEED  OF  FTJBTHEB  IITVESTIOATION. 

It  is  believed,  however,  that  with  the  improvements  effected  in 
progress,  and  to  be  expected  along  these  lines,  most  furnace  men 
would  welcome  experimental  work  along  certain  lines,  and  liiat 
such  work,  if  undertaken  in  cooperation  with  men  or  concerns  operat- 
ing furnace  plants  and  auxiliary  operations,  would  repay  the  time 
and  effort  expended.  In  suggesting  the  following  studies,  it  should 
perhaps  be  mentioned  that  although  they  do  in  fact  approach  more 
nearly  questions  related  to  regularity  and  economy  in  operation  than 
to  safety  in  operation,  it  is  virtually  impossible  to  separate  safety 
in  operation  from  regularity  in  operaticm  when  the  subject  of  blast- 
furnace slips  or  blast-furnace  breakouts  is  being  considered.  With- 
out qualification,  safety  is  here  a  corollary  of  regularity  in  opera- 
tion.  The  possibility  of  explosion^  is  not  related  to  operation  in 
this  close  manner;  here  the  personal  element  liters  and  the  posa- 
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bility  of  errors  of  judgment,  omission,  and  commission  play  a  larger 
part.  But  in  the  work  suggested,  the  successful  working  out  and 
application  of  the  problems  would  result  in  better  regularity  of 
practice  (which  means  reduction  of  the  coke  consumption  per  ton  of 
iron  produced,  a  decreased  production  of  off-grade  iron,  less  loss  of 
iron  per  ton  produced,  and  less  interruption  to  the  process  from 
irregularities)  quite  as  much  as  in  the  possibility  of  improvement 
in  decreasing  the  probability  of  excessive  slipping  or  dangerous 
breakouts,  a  possibility  that  has  already  been  reduced  within  the 
bounds  of  reasonable  if  not  exceptional  security  to  men  employed 
about  blast-furnace  plants. 

The  investigations  the  writer  has  in  mind  are : 

(1)  An  investigation  as  to  the  relation  of  the  physical  proper- 
ties of  coke  to  its  combustibility  in  the  furnace  and  its  solution 
loss  in  the  upper  part  of  the  furnace,  the  preparation  of  specifi- 
cations for  blast-furnace  coke  to  be  based  upon  these  properties 
rather  than  upon  the  chemica}  constituents  (see  page  223,  Part 
III) ;  (2)  an  investigation  of  the  resistance  of  hearth  and  bosh  fire 
brick  to  the  attack  of  slag,  iron,  and  the  intrusion  and  disintegra- 
tion by  graphite  and  alkaline  salts  (see  page  48,  Part  I) ;  (3)  an 
investigation  of  the  free-flowing  temperatures,  the  temperature  of 
formation,  and  sulphur  eliminating  properties  of  slag  (see  page  235, 
Part  III) ;  (4)  an  investigation  of  sintered,  briquetted,  nodulized, 
and  agglomerated  flue  dusts  and  fine  ores,  as  to  strength,  state  of 
oxidation  and  reducibility,  porosity  and  glaze,  density,  and  purity 
(see  page  227,  Part  III). 


GLOSSARY, 

Auf  TUB.    The  cylinder  on  blowing  engine  which  pnmps  the  Mast  or  wind  or  air. 
Bleeder.     An  escape  valve  for  gas  at  top  of  furnace  or  along  the  gas  line, 

to  relieve  excessive  pressure  or  flow  of  gas. 
Blowing  on  the  monkst.    Blowing  air  through  the  cinder  notch  at  flushing. 
Blowing  on  tapping  hole.    Blowing  air  through  the  hole  at  casting,  to  clean 

the  hearth  of  iron  and  cinder. 
Boil-     Occurs  when  molten  iron  runs  over  a  cold  or  damp  spot  or  object  in 

runner.     The   sudden   generation   of  steam   often   causes   an   explosion. 

whereby  molten  iron  is  scattered  about. 
Bosh  breakouts.     Breakouts  of  the  blast,  gas,  or  coke  through  the  bosh 

brickwork. 
Bosh  jacket.     Reinforcing  Jacket  to  hold  brickwork  and  platework  of  bosh 

in  place.    Employed  mostly  in  eastern  and  southern  furnaces. 
BoT.    A  cast-iron  or  forged-steel  plug,  that  mounted  on  a  long  steel  rod,  fits 

inside  the  monkey. 
BoTTiNQ.    Thrusting  bot  into  monkey  to  stop  run  of  cinder  during  a  flush, 

or  when  the  furnace  begins  to  blow  on  the  monkey. 
BoTTOic  FILLERS.    Man  who  fills  barrow  with  ore,  coke,  or  stone,  weighs  it  and 

places  it  on  cage,  or  elevator,  to  be  hoisted  to  top  of  furnace. 
Breakout.    Escape  of  gas,  coke,  slag,  or  iron  from  the  bosh,  tuyere  breast,  or 

hearth  of  a  blast  furnace. 
BRinLB  rod.    a  wrought-iron  rod  employed  to  hold  the  stock  or  "bootleg"  in 

place  against  the  blow  pipe. 
Oast  house.    The  roofed  (and  sometimes  inclosed)  efpace  in  front  of  and  about 

a  blast  furnace  in  which  molten  iron  is  run  or  cast 
Changing  bronze.    Changing  tuyeres,  plates,  monkey,  etc. 
Checking.     Reducing  the  volume  of  the  air  blast  on  a  blast  furnace  tempo- 
rarily in  order  to  make  furnace  "slip"  or  "move."     Also  in  sense  of 

first  "  check,"  second  "  check  "  at  casting  time  to  stop  iron  notch. 
Chimney  valve.    Valve  ou  hot  blast  stove  open  at  base  of  chimney  or  at  flue 

when  stove  is  on  gas ;  closed  when  stove  is  on  blast. 
Cinder  BREAKoxn*.    The  slag  within  the  furnace  comes  through  the  brickwork 

and  escapes.    Caused  by  erosion,  softening  of  brick  by  heat,  or  corrosion 

and  penetration  by  slag. 
Cinder  notch.    The  hole,  about  5  or  6  feet  above  Iron  notch,  and  3  feet  below 

tuyeres,  through  which  slag  is  flushed  two  or  three  times  between  casts. 
Clay  gun.    Bee  Mud  gun. 
Cooling  plates.    Hollow  plates  in  furnace  wall,  through  which  water  circulates 

to  cool  the  wall. 
"  Cracks  "  of  gas.    Puffs  or  explosions  of  gas. 

Distributor.    Device  for  distributing  charge  when  dumped  Into  blast  furnace. 
Dog  house.    See  Fore  chamber. 

Dose.    Special  charge  used  in  blast  furnace,  designed  to  cure  furnace  troubles. 
Downcomer.    Gas  main  from  furnace  top  to  dust  catcher. 
Down  leg.    Leg  or  boot  of  a  dust  catcher. 
Drilling  up.    Preliminary  digging  out  of  the  day  in  the  tapping  hole.    This 

is  done  usually  with  hand,  air,  or  electric  drill. 
Dust  catcher.    Primary  chamber  for  settling  dust  out  of  blast-furnace  gas. 
268 
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I>i78T  icAN.   Man  "Who  dumps  dust  catdier  or  loads  the  dwit 
Dutch  ovbn.    See  Fore  chamber. 

Explosion  doob.    Door  to  relieve  pressure  in  gas  mains  in  event  of  a  gas  ex- 
plosion ;  also  valves  at  gas  offtakes  at  furnace  top  to  relieve  pressure  when 
the  fnraace  makes  a  heavy  slip. 
Rxpijosions  from  molten  ibon.    Caused  by  molten  iron  escaping  and  coming 

in  contact  with  water  or  wet  material. 
Fobs  chambeb.  Auxiliary  construction  for  gas-fired  boilers,  provides  incan- 
descent surface  for  lighting  gas  instantly  when  turned  on  after  being  shut 
off  for  any  reason.  Also  called  **  Dutch  oven  "  and  **  Dog  house,**  and  is 
of  benefit  further  in  enabling  combustion  of  gas  to  be  complete  l)efore  boiler 
tubes  are  encountered. 

Furnace  holding  ibon.  Fiirnace  gives  much  less  than  normal  amount  of 
iron  at  casting,  although  the  charging  may  have  been  regular.  The  tap 
hole  runs  iron  slowly,  and  amount  of  slag  is  somewliat  scanty.  Compare 
**  furnace  losing  iron.** 

FuBNACB  LOSING  IBON.  Escapo  of  irou  from  the  hearth  of  a  blast  ftimace  into 
the  foundaticMi  beneath,  indicated  by  decreased  quantity  of  iron  at  casting, 
and  abnormally  large  appearance  of  slag  at  tapping  hole. 

Gassed.    Overcome  with  gas. 

Gbsen  HOLE.  Tapping  hole  in  which  clay  is  not  properly  set,  and  through  which 
the  drill  may  break  and  let  iron  out  unexpectedly. 

Hanging.    Sticking  or  wedging  of  imrt  of  the  charge  In  a  blast  furnace. 

Habd  hole.  Tapping  hole  difficult  to  open,  usually  one  in  which  stopping  clay 
is  short  and  drill  encounters  cold  skull  of  iron. 

Heabth  bbeakout.    Breakout  of  molten  iron  through  the  hearth  wall  or  bottom. 

Holding  ibon.    See  Furnace  holding  iron. 

Hot  spot.  A  small  portion  of  the  furnace  shell  that  is  warmer  than  the  rest 
It  indicates  a  thin  lining  at  this  place  on  account  of  erosion  of  brickwork 
by  gas  and  stock. 

Losing  ibon.    See  Furnace  losing  iron. 

Mantle  plate.    Plate  that  supports  the  mantle. 

Mess.  Masses  of  cinder,  slag,  iron,  etc.,  about  the  furnace  or  yard,  from  burned 
tuyere  or  blowpipe,  bad  tapping  hole,  breakouts,  burned  ladle,  or  boil. 

Monkey.  Small  water-cooled  bronze  casting  in  clnder-noteh  cooler  through 
which  cinder  runs  from  cinder  notch  when  bot  is  withdrawn, 

MoNKET  BOSS.  Man  In  charge  of  flushing  furnace  and  of  claying  up  monkey 
and  coolers.    Helps  on  tapping  holes  also,  and  at  cast 

MuGKT  HOLE.  Tapping  hole  from  which  the  iron  is  so  pasty  that  it  does  not  run 
fredy. 

Mud  gun.  A  steam  cylinder  operating  a  plunger  inside  steel  tube  6  inches  in 
diameter.  Clay  is  fed  into  hopper  tube  as  plunger  is  worked  back  and 
forth  and  is  thus  forced  into  tapping  hole,  at  end  of  cast. 

Platb  box.    Box  for  cooling  plate. 

Pbickino  BAB.    Bar  used  in  opening  tapping  hole. 

Rm  UP.  Cleaning  up  period  after  cast)  when  trough  and  runners  are  prepared 
for  next  cast 

RnMHNG  UP.    Cleaning  up  after  a  cast. 

Sand  valve.  An  old  type  of  arrangement  in  gas  mains  used  to  shut  off  flow  of 
gas,  superseded  by  water  seal  valves. 

Shqbt  hols.  Tapping  hole  with  a  short  stopping,  may  break  out  unexpectedly 
when  drilled  into. 

Skull.    Iron  that  has  solidified  on  the  interior  of  the  furnace. 
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Slaq  bbkakout.    Breakout  of  slag  or  cinder  through  the  bri^work  between 

plates,  tuyeres,  and  top  of  hearth  Jacket 
Sup.    Sudden  descent  of  a  hanging  or  sticking  charge  In  a  blast  furnace. 
Snobt  taltb.    a  butterfly  valve  opening  from  cold-blast  main  to  atmospheri!. 

Allows  casting  at  the  furnace  without  shutting  down  blowing  engines 

Operated  by  large  wheel  or  lever  In  cast  house. 
Stock.    Term  applied  to  the  mixture  of  ore,  coke,  and  limestone  charged  into 

the  furnace,  or  stored  In  bins  at  stock  house.    Also  applies  to  connectlos 

between  blowpipe  and  gooseneck  attadied  to  bustle  pipe. 
Stock  hanoeb.    Hanger  for  tuyere  stock. 

SuBJACKET.  An  auxiliary  Jacket  about  the  lower  part  of  the  hearth. 
Tor  Fn.LEB.    Man  who  dumps  charges  Into  furnace  top. 
Top  kick.    See  Top  shot 

Top  shot.    Bxploeion  or  xraff  of  gas  at  furnace  top. 
Tubs  bloweb.    Man  who  cleans  tubes  of  boiler. 
Welshman.    A  heavy  steel  ring  about  3  or  4  Inches  inside  diameter,  naed  in 

withdrawing  a  bar  which  is  stuck  or  frozen  in  a  skull  of  iron.    The  ring  Is 

placed  on  the  bar,  a  wedge  Inserted,  and  the  bar  backed  oat  by  aledgiof 

on  the  wedge. 
WiiJ>  GAS.    Blast-furnace  gas  that  does  net  burn  steadily  or  properly. 
WoBKTNO  ON  THE  wAixs.     Eroding  of  furnace  linings  or  channeling  of  gaf 

through  burden  next  to  the  lining. 


PUBLICATIONS  ON  METALLUKGY. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Eequests  for  all  publications  can  not 
be  granted,  and,  to  insure  equitable  distribution,  applicants  are 
requested  to  limit  their  selection  to  publications  that  may  be  of 
especial  interest  to  them.  Eequests  for  publications  should  be 
addressed  to  the  Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications 
available  for  free  distribution  as  well  as  those  obtainable  only  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  lisL 

PUBLICATIONS  AVAILABLE  FOR  FREE  DISTRIBUTION. 

BtTiuRTN  le.  The  11068  Of  peat  fat  fael  and  other  purposes,  by  O.  A.  Davia. 
1911.    214  pp.,  1  pi.,  1  fig. 

Bulletin  64.  The  tltaniferoas  lion  ores  In  the  United  States;  their  compo- 
sirioD  and  economic  value,  by  J.  T.  Singewald,  Jr.  1913.  145  pp.,  Id  pis., 
Sfiga,  . 

Bulletin  67.  Electric  furnaces  for  making  iron  and  steel,  by  D.  A.  Lyon 
and  R.  M.  Keeney.    1914.    142  pp.,  86  figs. 

Bulletin  70.  A  preliminary  report  on  uranium,  radium,  and  vanadium,  by 
K.  B.  Moore  and  K.  L.  Kithil.    1913.    100  pp.,  2  pis.,  2  figs. 

Bulletin  73.  Brass-furnace  practice  in  the  United  States,  by  H.  W.  QUlett 

1914.  298  pp.,  2  pis.,  23  figs. 

Bulletin  77.  The  electric  furnace  in  metallurgical  work,  by  D.  A.  Lyon, 
R.  M.  Keeney,  and  J.  F.  Cullen.    1314.    216  pp.,  66  figs. 

Bulletin  81.  The  smelting  of  copper  ores  in  the  electric  furnace,  by  D.  A. 
LfOD  and  K.  M.  Keeney.    1915.    80  pp.,  6  figs. 

Bulletin  84.  Metallurgical  smoke,  by  O.  H.  Fultim.  1915.  94  pp.,  6  pis., 
15  figs. 

Bulletin  85.  Analyses  of  mine  and  car  samples  of  coal  collected  in  the 
fiscal  years  1911  to  1913,  by  A.  C.  Flddner,  H.  I.  Smith,  A.  H.  Fay,  and 
Samuel  Sanford.    1914.    444  pp.,  2  figs. 

Bullkhn  100.  Manufacture  and  uses  of  alloy  steels,  by  H.  D.  Hibbard. 

1915.  78  pp. 

Technical  Pambb  8.  Methods  of  analyzing  coal  and  coke,  by  F.  M.  Stanton 
and  A.  0.  Fieldner.    1913.    42  pp.,  12  figs. 

Technical  Papeb  50.  Metallurgical  coke,  by  A.  W.  Belden.  1913.  48  pp., 
^  Pi,  28  figs. 

Technical  Pafesi  76.  Notes  on  the  sampling  and  analysis  of  coal,  by  A.  G. 
PteWner.    1914.    69  pp.,  6  figs.  ^ 

Technical  Paper  80.  Hand  firing  soft  coal  under  power-plant  boilers,  by 
Henry  Kreisinger.    1915.    83  pp.,  32  figs. 

Technical  Papeb  86.  Ore-sampling  conditions  in  the  West,  by  T,  R.  Wood- 
bridge.    19ia    96  pp.,  5  pis.,  17  figs. 
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Technicai.  Pafeb  95.  Mining  and  milling  of  lead  and  zinc  ores  In  tbe  Wis- 
consin district,  Wisconsin,  by  0.  A.  Wright.    1915.    39  pp.,  2  pis.,  5  figs. 

Technical  Papeb  102.  Health  conservation  at  steel  mills,  by  J.  A.  Watktns. 
1916.    86  pp. 

Technical  Paper  106.  Asphyxiation  fh>m  blast-fomace  gas,  by  F.  H.  Will- 
cox.    1916.    79  pp.,  8  pla.«  11  flg& 

Technical  Paper  136.  Safe  practice  at  blast  famaces;  a  manual  for  fore- 
men and  men,  by  F.  H.  WlUcox.    1916.      73  pp.,  1  pi.,  43  figs. 

Technical  Paper  157.  A  method  for  measuring  the  viscosity  of  blast-fnmare 
Blag  at  high  temperatures,  by  A.  L.  Feild.    1916.    29  pp.,  1  pi.,  7  figs. 

PUBLICATIONS   THAT   MAY  BE   OBTAINED   ONLY   THROUGH   THE   SUPKRIX- 

TENDENT  OF   DOCUMENTS. 

BxTLurriN  3.  The  coke  industry  of  the  United  States  as  related  to  the 
foundry,  by  Richard  Moldenke.    1910.    32  pp.    5  cents. 

Bulletin  7.  Essential  factors  in  the  formation  of  producer  gas,  by  J.  K 
Clement,  L.  H.  Adams,  and  G.  N.  Haskins.  1911.  58  pp.,  1  pi.,  16  figs.  10 
cents. 

Bulletin  12.  Apparatus  and  methods  for  the  sampling  and  analysis  of  fo^ 
nace  gases,  by  J.  C.  W.  Frazer  and  E.  J.  Hoffman.  1911.  22  pp.,  6  fig&  5 
cents. 

Bulletin  47.  Notes  on  mineral  wastes,  by  d  L.  Parsons.  1912.  44  ppc  5 
cents. 

BuLumN  91.  Instruments  for  recording  carbon  dioxide  in  flue  gases,  by 
J.  F.  Barkley  and  S.  B.  Flagg.    1915.    60  pp.,  1  pi.,  25  figs.    10  cents. 

Bulletin  97.  Sampling  and  analysis  of  flue  gases,*  by  Henry  Kreisinger  and 
F.  K.  Ovitz.    1915.    68  pp.,  1  pi.,  37  figs.    15  cents. 

Bulletin  98.  Report  of  the  Selby  Smelter  GommissioOf  by  J.  A.  Holmes,  E.  C. 
Franklin,  and  R.  A.  Gould,  with  reports  by  associates  on  the  commissioners' 
staff.     1915.    525  pp.,  41  pis.,  14  figs.    $1.25. 

Bulletin  108.  Melting  aluminum  chips,  by  H.  W.  Gllletfc  and  G.  M.  James. 
1916.    88  pp.    10  cents. 

Bulletin  116.  Methods  of  sampling  delivered  coal  and  spectflcations  for  flie 
purchase  of  coal  by  the  Gov^ nment,  by  G.  S.  Pope.  1916.  64  i^.,  5  plB.,  2  fl|^ 
15  cents. 

Bulletin  122.  The  principles  and  practice  of  sampling  metallic  metallunsical 
materials,  with  special  reference  to  the  sampling  of  copper  bullion,  by  BSdward 
Keller.    1916.    102  pp.,  13  pis.,  31  figs.    20  cents. 

Technical  Paper  81.  Apparatus  for  the  exact  analysis  of  flue  ga8»  by  G.  A. 
Burrell  and  F.  M.  Seibert.    1913.    12  pp.,  1  fig.    5  cents. 

Technical  Papeb  41.  The  mining  and  treatment  of  lead  and  zinc  ores  in  the 
Joplin  district.  Mo.,  a  preliminary  report,  by  C.  A.  Wright  1913.  43  pp.,  5 
figs.    5  cents. 

Technical  Papeb  54.  Errors  in  gas  analysis  due  to  the  assumption  that  the 
molecular  volumes  of  all  gases  are  alike,  by  G.  A.  Burrell  and  F.  M.  Seibert 
1918.    16  pp.,  1  fig.    5  cents. 

Technical  Papeb  60.  The  approximate  melting  points  of  some  commercial 
copper  alloys,  by  H.  W.  Gillett  and  A.  B.  Norton.    1913.    10  i^.,  1  fig.    5  cents. 

Technical  Papeb  90.  Metallurgical  tr^tment  of  the  low-grade  and  oompiex 
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Air,  cold,  slipping  caused  by 252 

exclusion    from    gas    mains    at 

blowing   in 132,149 

in  blast-furnace  stoves,  regula- 
tion of 101 

leakage  as  cause  of  slips 3M 

trouble  from 229 

precautions  against 229 

mixture    witli     gas,    explosions 

from 111,  117, 118, 119, 122 

Bee  also  Blast. 
Air  compressors,  explosions  in,  cause 

of 171,172 

precautions  against 172 

B. 

Bauxite  brick  for  hearth  walls 68 

Bell,  cleaning  of,  precautions  In 104 

diameter  of,  in  relation  to  stock 

line 209,  210 

distribution  of  charge  on 211 

hanging  of,  precautions  in 212,242 

inspection  of 241,  242 

position  during  blowing  in.-  132, 134,' 

136-139, 142, 143, 147 

during   blowing  out 154, 155, 

156, 157, 158, 164, 166 

precautions  In  dumping 264 

Blast,     distribution     of,     irregular, 

cause  of 230 

detection    of t30 

remedy    for 230 

proper,   need  of 222 

erosion  of  brickwork  by 24,  25 

taking   off,   during   blowing   in, 

danger   from 131 

slipping  caused  by 252 

temperature,      during      blowing 

in    133,144 

lowering     of,     to     prevent 

slips    250,  251,  252 

volume  of,  during  blowing  in 132- 

134,186,137,138,139, 
140,141,144,148,149 
during  blowing  out,   reduc- 
tion of—  158,159,160,161,162 
excessive,  as  cause  of  slip- 
ping        228 

insniDcient,  as  cause  of  slip- 
ping  227, 228 

variations     in,     difficulties 

caused    by 228,  229 

See  at»o  Air. 
BIftst  breakouts.     Bee  Bosh  breakouts. 


Paga. 

Blast  furnace,  care  in  operation  of.  35,  36 

columns,  protection  of 68 

construction  of,  proper 69 

draining  of,  in  blowing  out 163 

drying     of,     in     blowing     out-  140, 

142, 147 

early,  construction  of 5 

fast-driving,    hearth    conditions 

in,  figure  showing 73 

fillhig  of,  methods 138, 139 

precautions    in 142 

foundation,   figure   showing 4,  7 

height,  effect  of,  on   slipping 213 

Jacketed,    figure    showing 16 

lighting   of,    methods   of 133, 134, 

135,  136, 138, 143, 144, 146 

precautions  In 147, 148 

lower  part  of,  section  of,  figure 

showing 5 

single,  blowing  in,  details  of—       131, 

132, 130 

difficulties  in 128 

slowing  down,  during  slipping.       252 

Blast-furnace  gas,  composition  of 96,  98 

danger  of  explosion  from 95 

explosion   limits   of 99 

temperatures   of 152, 155 

See  also  Gas. 

Blast-furnace  stoves,  accidents  at 101 

explosions   at 100, 101, 129, 130 

Blast  mains.     Bee  Cold-blast  mains. 

Blast   pressure,   during   blowing   in 137, 

143, 144 

during  blowing  out 157 

during  hanging 1 186 

on  brickwork,  effect  of 25 

reduced,  slipping  from 252 

regular,    control 231 

relation  of,  to  top  slips 197 

variations  In , 231 

difficulties  from 228,  229 

relation     of,     to    charging 

rate 187 

Bleeders,  automatic,  advantages  of.       259 

definition    of 268 

position     of,     during     blowing 

In 134,  136, 137, 

138, 140,  142, 143, 146,  147 

during  blowing   out 154—157, 

159, 160, 162, 164, 166 
during   tuyere  changing-  113, 114 

proper  design  of 110,  111,  261 

types  of 260,261 

"  Blowing   down  "    fumare,    removal 

of  scaffolds  by 248 
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*  Pmge. 

Blowing  in,  gas  explosions  at 128 

hazards  In 147 

methods  of 131-146 

precautions  during 71,  72, 147-150 

"  Blowing  on  tapping  hole,"   defini- 
tion of 26S 

objections   to 86 

Blowiug  out,  hazards  in 151, 152, 158 

methods  of 153-163 

Blowpipes,  breakouts  at,  dangers  from.       31 

detaUs  of 34 

prevention   of 81,32 

construction  of,  precautions  in.        82 

Boiler,  explosions,  causes  of 102, 

103, 129, 130 

prevention  of 102 

Boiler  room,  safety  precautions  in 264 

Bosh  bands,  bursting  of 20, 21 

construction  of 12 

method  of  securing, 12,13 

figure  showing 12 

reinforced,  need  of 260 

Bosh  breakoutjs,  causes  of 8 

definition  of 268 

frequency  of 3, 28 

hazard  from 28 

prevention  of 35,36 

Bosh  jacket,  definition  of 268 

figure  showing 16 

Boshes,  banded,  breakouts  in 20-22 

construction  of 6, 7 

objections  to 18 

brickwork,  construction  of —  0,10,218 

figure  showing 10, 11, 

combustion  in 4 

construction  of,  factors  govern- 
ing  69,215 

cooling  plates  in 10 

leaky,  detection  of 233 

details  of 3,4 

erosion  of  walls  of 7,  8 

figure  showing 8 

height  of 

jacketed,  accidents  from 22 

advantages  of 13, 14 

breakouts,  caunes  of 20 

brick-lined,  durability  of 18 

construction  of 13, 14, 16 

figure  showing 15, 19, 21 

spray  for 18 

overcoollng  of,  danger  from 10 

flection  of,  figure  showing 6,7 

types  of 19,20 

development  of 4,  5, 6 

figures  showing 19, 20 

See  alto  Roberts  Farrell  bosh. 

"Bottom  hanging,*'  causes  of 188, 189 

Bottom  slip,  calculation  of  pressure 

from 201 

description  of 198,199 

Indications  of 198 

Breakout,  definition  of 2,268 

factors  governing 266 

occurrence  of 2 

See    atBO    Kinds    of    breakouts 
named. 


Brick,  defective,  fitnlta  of 220,221 

erosion  of,  as  cause  of  hanging.     19T 
See  aleo  Bauxite  brtdi;  CsiImhi 
brick;    Magneslte   brick; 
Silica  brick. 
Bricklaying,  of  furnace   lining —  220.221 

Brickwork,  corrosion  of,  causes 24,25 

melting   of,   factors  affect- 
ing  23,24 

protection  of 26,27,28,2" 

Blagging  of 24 

See  aUo  Lining. 
Bronze,     changing     of,     precautions 

during 112.1i:i 

See  aHeo  Cooling  plates ;  Tuyere. 

Burden.     See  Charge. 

Bureau   of  Mines,   blast-furnace  in- 

yestigatlons  of 1.- 

Bnmers,  electric,  for  opening  tap- 
ping holes - 73,  T4 

oxygen '♦'^'* 

stove,  design  of If*- 

Burrell,  O.  A.,  work  of &» 

Butterfly    valve,    automatic,    objec* 

tlons  to. 127 

C. 

Carbon,  formation,  slips  from.  208. 204,  V*' 

Carbon  brick,  description  of ^^ 

for  hearih  wall,  advantages f" 

use  of 57,  t^ 

heat  conductivity  of ^' 

Carbon    deposition    on    ore,    causes 

of 191.2^ 

Carbon  deponltion,  acaifolds  from.  193,1^ 

top  hanging  from 1^'* 

Carbon  dioxide,  formation  from  car- 
bon monoxide  In  explo- 
sive slips Sf'T 

formation   of  carbon   monoxide 
from,  In  explosive  slips. 

204. 2»'' 

Carbon  dust,  as  cause  of  fnmaee  ex- 
plosions       *^'' 

Caihon  monoxide.  Ignition  tempera- 
ture of •"* 

Carbon  monoxide  with  oxygen,  ex- 
plosion of,  factors  gov- 
erning        ^ 

Cast  house,  definition  of ^^ 

protective  devices  at _—     '^] 

safety  arrangements  in ^^ 

working  about,  precautions  to-  9^,^'^ 
Cast-steel    bosh    plates,    advantsges 

of ^^-i: 

Casting  time,  regularity  of ^^  '* 

shutdowns    at,    procedure  dur- 
ing  ,  1-;^ 

Charge,  furnace,  composition  of-  13.)J^'< 

141. 142, 143.  M'l.  \^ 
fine  material  In,  handling  of.  210.211 
materials  in,  proportion  of.  L'ts.  i^ 

138,13P.24? 

sequence  of 288, 23?,*^' 

proper  distribution  of 211,  243,  2<* 
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Charge,  furnace,  aixe  of,  proper 239 

weight  of  coke  in,  proper 238 

See  also  Coke;  Limestone;  Ore. 
Charging,  slackening  rate  of,  as  in- 
dication of  hanging 185, 187 

variations  in  during  hang- 
ing        187 

▼aiiable,  purpose  of 241 

Check  valves,  types  of 169, 170 

Cinder  at  tuyferes,  treatment  for—  253,  268 

Cinder  breakonts,  damage  from 8 

definition  of 268 

detaiU  of 84 

oocumnce  of . 3 

prevention  of 30, 31 

Cinder   for   coke   blanks,   proportion 

of 244-246 

See  mtae  Slag. 

Cinder  notch,  definition  of 268 

breakouts  at,  precautions 

against^ . 91 

Cinder-notch,  cooler,   changing,   pre- 
cautions in 264 

packing,  need  of  care  in 91,  02 

Clark,  H.  H.,  cited 179, 180 

Cleaning  door,  manipulation  during 

blowing  In 145 

Coke,  charging  of,  precautions  in 237 

sequence  of 238,239,240,241 

friable,  objections  to 204 

Coke  for  charge,  amount  of 133, 

135, 143, 145, 146 

composition  of,  effect  of 223 

density  of,  effect  of 224 

hlgh-ash,  objections  to 223 

proper    physical    condition 

of 223,224 

proper  slse  and  weight  of 224,  23S 

Coke  blanks,  composition  of 244-247 

cost  of 244 

frequency  of  charging 244,  247 

use  of 244, 248, 253 

Coke  breakouts.    See  Bosh  breakouts. 

Cold-blast  main,  explosions  in 167 

precautions  against 169 

Combustion  chamber,  boiler,  gas  ex- 
plosions in 102 

prevention  of 102 

Cooler,  dnder-notch,  cutting  of,  pre- 
vention  of 93 

precautions  In  changing 92 

See    dlao    Cinder-notch    cooler; 
Tuyere  cooler. 
Cooler  system,  cinder-notch*  clampg 

for 98 

figure  showing .  98 

Cooling  pipe,   explosion  In,   repairs 

for 78 

Cooling  plates,  bosh,  arrangement 10 

protection  by  .... 10 

beneath  tuyere  coolers,  need  of.  27,  28 

details   of 6,7 

dimensions  of .  6,  7 

flushing  of 85,  69 

leaks  in,  detection  of 288 


Cooling  plates,  cast-Iron,  advantages 

of 8 

construction   of 8 

figure   showing 9 

definition   of 268 

changing,  shutdowns  for  explo- 
sions during -111 

methods    for 112, 113 

precautions    In 264 

leaky,  detection  of 233 

proper  placing  of 220 

tapping  hole,  explosion  of,  cause 

of 82 

objection  to 80 

tuyere  breast,  fiushing  of 69 

types 21^-28 

figure   showing 26,  27 

Bee  also.  Bosh;  Cinder  notch; 
Tapping  hole. 
Crabtree,      Frederick,      acknowledge 

meats  to 1 

D. 

Distributor,  definition  of 268 

purpose    of 210 

types   of 210,212 

See  also  Klleen  distributor. 

"Dose,"  deflnltton  of 268 

See  olso  Coke  blank. 

Dougherty,  J.  W.,  dted 116 

Downcomer,  definition  of 268 

drafting  gas  from,  hasard  In 153 

explosions  in,  causes  of ^ 105, 107 

occurrence  of 103 

prevention   of 106 

Dressier,  H.,  on  gas  explosion 118 

Drills  for  tapping  hole 89,  00 

Dust  catcher,  definition  of 268 

drafting  gas  from,  hasard  in 153 

explosions  at,  occurrence  of 103 

valve  at  outlet  of 107 

working  about,  precautions  In.  264 
Dust  eatchar  system,  precaution  at, 

during   shutdowns. 150 

Dynamite,  for  blasting  salamanders.  176 

Dyblie-Larlmer  valve,  description  of.  171 

operation   of . . 171 

B. 

Electric   burners    for   hard   tapping 

holes 73,74 

Engine,  air  leaks  at,  difilcultles  from      229 
speed  during  blowing  1A..131, 133, 134, 

187, 141, 146 

during  blowing  out —  160, 166 

control   of...........       165 

Explosion  door,  definition  of 269 

during  blowing  in,  position  of 137, 

138, 140, 148, 145, 146, 162, 166 

objection    to 111,114,259,260 

Explosion  wave,   velocity  of 97 

Explosions  at  tapping  hole 82 

at  top i- 208 

from  hearth  breakouts 40, 

51,  52.  58.  54, 56 
See  alto  Gas  explosions;  Iron, 
molten,  explosions  from. 
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Pago. 
Ezploslve  slips,  CAQSM  of....^^*  204-20S 
Bxploslves,  firing  oU  methods  for..^      ISO 

for  blastinff  salam&&der« ^      177 

for  removing  scaffolds,  use  of.  249,  250 
handling  of,  precautions  In^...      182 

storage  of,  precautions  in 181 

Eyesights,  cinder  breakouts  at .        81 

prevention  of - 81 

construction   of 82 

figures  showing 83,34,86,86,87 

types  of ......        82 


P. 


Fatalities  at  Jacketed-bosh  furnaces.        22 

at  plate-and-band  furnaces 21,  22 

from  blasting  aalamanders.. 170 

from  bosh  bands  bursting 21 

from  gas  explosions 153, 167, 168 

from  hearth  breakouts 51, 

62,  68,  56,  57 

from  molten-iron  explosions 173 

from    slips 254,255 

from  tapping-hole  breakout 81,  82 

from   tuyere-breast  breakout 88 

Fire  brick,  action  of  manganese  on 46 

for  hearths,  composition  of 60 

description  of 50 

heat  conductivity  of 44 

manufacture  of 50 

properties    of 50 

resistance   to   slag 267 

types  of 50 

See  also  Brick. 

Flue  dust,  methods  of  treating 227 

utilization,    need   of   investigat- 
ing    267 

Flux,  charging,  practice  in 238,239 

materials  for 222 

Bee  also  limestone. 

Freyn,    H.   .T.,  on   gas   pressure   at 

blast  furnaces 126 

Furnace.     See  Blast  furnace. 

Furnace  holding  iron,  definition  of.  269 

indications  of i 75 

Furnace   losing  Iron,   definition    of.        40, 

76,260 

indications  of 40 

precautions  against 76 

Furnace  top,  coke  fire  at,  advantages 

of 150 

cooling  of,  in  blowing  out 162 

explosions  at,  causes  of 105, 

106, 107 

prevention  of 106, 107 

repairs  to,  precautions  In 108-110 

stationary   double  bell 211,212 

temperature  of,  during  blowing 

out    160 

tight,  merits  of 250 

results  of  slip  in r 257 

workmen  on,  precautions  for 264 


O. 
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Gas  and  air  mixtures,  explostona  of^     ill, 

117, 118, 119, 122, 128 
slips  by  explosion  of 205 

Qat    at    furnace    top,    indlcationa 

from 185, 188 

consumption    of,    at    blast-fur- 

nacea 120 

during  blowing  in,  regulation  of.    134- 
187, 189, 141-146. 148, 149 

during  blowing  oat,  regulation 

of 163,185 

temperature    of ........      166 

escape  of,   in  bottom  slips..  198,190 

in   top  slip 198 

in  blast-furnace  stoves,  regula- 

tion  of 101 

in    cold-blast    main,    exploatons 

from 167. 168, 189 

in  downcomers,  explosions  from      153 

Bee    al9o    Blast    fnmace    gas; 
"Blowing  out"  gas. 

Gas  breakouts.     Bee  Bosh  breakouts. 
Gas-cleaning  plant,  description  of.  120, 121 

Gas  explosions,  causes  of. — . 94 

dangers   from 94 

investigation  of 06 

pressure  from,  calculation  of 08 

processes  in 96,01 

Gas  mains,  care  of  water  seals  in 117 

during    blowing   in,    exclu- 
sion of  air  from 132 

filling  with  steam 143 

fires   in 130 

explosions   in 103. 104 

gages   in 120 

pressure   in 115 

reduced    pressure    in,    dangers 

from 117,120 

prevention   of 119 

repairs  to,  precautions  during 10^ 

109,110,114 

Gas  offtake,  proper  design  of 110,  111 

proper  placing  of 221 

size  of 221 

Gas  pressure,  low,  procedure  for.  125, 126 

maintenance  of,  need  for 148, 149 

regulation  of 127 

Gas  seal,  precautions  in  entering 104 

Gas-seal  doors,  bazards  in.  evening.       103 

precautions  In 104 

Gas-seal  explosions,  prevention  of 104 

Gas     supply,     insufRcient,     danger 

from 122.125 

Ganger,  A.  W.,  work  of OS 

Glossary 268-270 

Graphite,  action  of,  on  brickwork 39, 4S 

on  hearth  walls,  analyses  of 39 

separation  of,  from  iron 4S 

Gravel    in    coke    blank,    proportion 

of 244-246 

"Green  hole,"  definition  of 260 

dangers  from 83 
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Hanging,  cauaes  of 209,  226 

definition  of 269 

farnace    conditions    accompany- 
ing  187, 188,  214 

Indications  of 184-186 

See  also  Bottom  hanging;  Top 
hanging. 

Hearth,  cooling  pipes  for 66 

figure  showing 66 

figure  showing 4 

of    fast-driving   furnace,    figure 

showing 73 

rising  of  iron  in,  danger  from —         74 

section  of,  figure  showing 6,  7 

Hearth    bottom,    blocks    in,    figures 

showing 62,  63, 64 

sizes  of 62,  63 

concave,  former  use  of 60 

figure  showing 60 

construction  of 61—63,  69 

derangement  of,  precautions  for.         76 

destruction  of,  causes  of 46,  47, 48 

rate  of 48 

hot,  blowing  in  furnace  with —       147 

keyed,"  use  of 61 

reinforcement  of,  subjackets  for_         65 

repairing  of,  figure  showing 68 

Hearth  breakouts,  danger  from 2 

definition  of 269 

details  of 51-57 

frequency  of 86,37 

Hearth  ditch,  care  of 70 

level  of  water  in 70 

Hearth  Jacket,  breakouts  through —         40 

conical,  defect  and  merits  of 61 

cooling  of,  methods  for 43,  44, 45 

escape  of  Iron  at  Joints  of,  pre- 
vention of 45 

extension  below  bottom 64 

water  cooling  of _         65 

proper  construction  of 69 

rolled  steel-plate 42 

surface  cooled,  disadvantages  of-         44 

types  of 42,43 

Hearth  walls,  construction  of —  37,  41,  69 

cracking   of 39,40 

destruction    of ^^-  37-39 

figure  showing 38 

graphitic    coating    on,    analyses 

of- 39 

preservation   of 39 

proper  thickness  of 41 

Hot-blast   main,   placing  of 222 

valve   for,   description  of 170 

Hot  spot,  definition  of 269 


I. 


Inwall   lining,   destruction   of 217,  218 

preservation    of 218-220 

Iron  In  coke  blank,  proportion  of-  245,  246 
in    furnace    charge,    proportion 

of 145 


Paga 

Iron,  molten,  action  of  water  on 172, 173 

explosions  from..  2,  21,  22,  51-54, 

56,  57, 172,173 

prevention    of 174 

in  hearth,  rising  of,  dangers 

from 74,75 

in  tapping  hole,  chilling  of.         77 

Iron  notch,  care  of 86 

opening  of,  precautions  In 264 

ore  In   charge,  analyses  of 144 

water  cooling  for,  danger  of 84 

weakening  of 78 

-workmen  near,  precautions  for.         86 

J. 

Jacketed  bosh.     See  Bosh,  Jacketed. 

Jackets,   bosh,   destruction   of 15-17 

bursting  of,  accidents  from 22 

hot  spots  on,  accident  from 22 

repair    of 77,  78 

rolled-steel,  breakout  through 52, 

54,  55,  56 
See  also  Hearth  Jacket. 

K. 
Kileen  distributor,  advantages  of 211 

L. 

Lake    Superior    ores,    smelting    of, 

practice   in 209-253 

type  of  bosh  for  smelting 6,  7 

Laudig,  O.  O.,  experiments  of 104 

Lights,  colored,  as  signals 261,  262 

open,       during       blowing       in, 

dangers  from 147 

Lime  in  slag,  excess,  objections  to_  188, 1*'0 
Limestone  for  flux,  charging  or,  se- 
quence   of 239-241 

charging  of,  sequence  of 239-241 

decreased  charges  in  blow- 
ing out 157,  l.")8 

increased    charges    for   pre- 
venting   slips 251.  253 

proportion   of 1"^, 

135,143,145,146 

silica  content  of 222 

size   of 222 

use  of,  before  blowing  out 103 

Limestone  in  coke  blank,  use  of 247 

See  also  Flux.                               ^ 
Lining    at    stock     line,     disintegra- 
tion of 216 

furnace,  defects  in 233 

drying     of,     time     required 

for 221 

failure  of 220,221 

life  of.  factors 212 

lines  of 213 

proservatlon  of 215 

water-cooled,  advantages  of_       220 

Inwall,  destruction  of 217,218,219 

proper  thickness  of 218,  219 

See  also  Bosh,  lining  of. 
Lyon,  D.  A.,  acknowledgments  to 1 
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Manganese,  action  on  fire  brick 4G 

Ma^neslte  brick,  use  of 58 

Motz,    N.,   on    carbon    deposition    in 

furnaces 193 

Mixer  valve,  automatic,  merits  of 265 

Mud  gun,  definition  of 269 

precautions  in  handling 87,  88 


N. 


Nt'cleud  bucket,  advantages  of. 


212 


O. 


Ore,  iron,  charging  of,  sequence  of_  238-241 

coarse,  objections  to 225 

concentrated,  smelting  of —       22T 

fine,  objections  to 204 

loading  of 236.  237 

proper  size  of 225,  226 

weighing     of,     precautions 

in 236,237 

manganese,  in  coke   blank,   pro- 
portion of 245,246 

siliceous,  in  coke  blank,  propor- 
tion of 245 

flee  also  Iron  ore. 
Oxygen,     use     in     opening     tapping 

holes 73 

Oxygen  burner.     Hee  Burner. 


Packing   for   hnnrth   wall,   materials 

for 42 

value   of 41,42 

Potassium   cyanide   In    hanging   fur- 
nace, formation  of 195 

Vvi  ssure,    from   slipping,   calculation 

of 199-201 

methods  of  relieving 202,  203 

results   of 199 

^Ve    also    Blast    pressure ;    Gas 
pressure. 
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By  H.  H,  Clark  and  L.  C.  Ilsley. 


INTEODTJCTIOir. 

In  various  publications  relating  to  safety  in  mining  the  Bureau  of 
Mines  has  called  attention  to  the  hazards  attending  the  use  of  open- 
flame  lamps.  An  open-flame  lamp  is  a  potential  source  of  danger 
in  any  coal  mine.  It  may  start  a  fire  in  a  dry  mine  or  an  explosion 
in  a  gaseous  mine. 

The  type  of  open-fiame  oil  lamp  now  used  in  mines  is  the  product 
of  long  evolution;  its  principal  merit  is  simplicity.  That  such  a 
light  is  unsafe  in  an  atmosphere  containing  gas  (methane)  is  evi- 
dent, and  Sir  Humphrey  Davy  immeasurably  increased  safety  in 
coal  mines  when  he  found  means  of  protecting  a  lamp  flame  so  that 
it  would  not  readily  ignite  gas.  The  safety  lamp,  however,  gives 
less  light  than  the  open-flame  lamp,  is  not  as  simple  in  construction, 
is  more  cumbersome,  and  must  be  carried  in  the  hand.  Consequently, 
some  miners  are  reluctant  to  abandon  the  open-flame  lamp  for  the 
safety  lamp,  and  risk  their  own  lives  and  the  lives  of  their  fellow 
workers  with  the  one  rather  than  to  be  hampered  by  the  other. 

When  small  electric  bulbs,  with  their  clear,  white  light,  and  small 
electric  storage  batteries  became  available,  the  advantage  of  com- 
bining these  elements  for  a  miner's  lamp  seemed  manifest.  The  com- 
bination looked  simple  and  safe,  but  was  soon  found  to  have  ele- 
ments of  danger  and  weakness  peculiar  to  itself. 

The  Bureau  of  Mines  showed,  in  1911,  that  the  breaking  of  a 
miniature  electric  bulb  in  an  inflammable  mixture  of  gas  and  air 
might  ignite  the  mixture,  so  that  only  the  fragile  glass  of  the  lamp 
bulb  might  stand  between  the  miner  and  injury  or  death.  There 
was  also  a  possibility  that  sparks  from  the  small  battery  would  ignite 
gas,  and  the  accidental  spilling  of  the  contents  of  a  battery  on  the 
miner's  clothing  or  skin  was  a  possible  source  of  injury. 

The  first  portable  electric  miner's  lamps  that  were  carried  in  the 
hand,  or  with  the  battery  strapped  to  the  back  and  the  light  carried 
on  the  head,  were  exceedingly  crude  and  were  designed  without 
appreciation  of  the  sources  of  danger.    The  possibility,  however,  of 
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producing  a  safe  and  practical  miner's  lamp  by  the  proper  com- 
bination and  design  of  the  elements  available  promised  to  increase 
safety  so  greatly  that  the  Bureau  of  Mines  attempted  to  stimalate 
better  design  and  construction  by  careful  investigations  and  the 
establishment  of  an  approval  system  that  would  be  an  assurance  to 
the  miner  and  an  advantage  to  the  maker  of  the  lamp.  As  a  result 
various  manufacturers  submitted  types  of  lamps,  cords,  and  bull)s 
for  test  and  cooperated  with  the  bureau  in  efforts  to  so  improve  the 
safety  features  of  these  devices  that  the  lamps  would  pass  specific 
tests  for  approval. 

SCOPE  OF  BEFOBT. 

This  bulletin  describes  the  development  of  a  number  of  types  of 
lamps  that  meet  the  requirements,  and  discusses  in  detail  the  features 
and  qualities  of  these  lamps,  which  in  November,  1916,  were  being 
put  into  use  by  mine  operators  in  this  country  at  the  rate  of  about 
2,000  a  week. 

Those  lamps  that  meet  a  certain  minimum  specification  are  ap- 
proved by  the  Bureau  of  Mines.  No  manufacturer  is  required  to 
obtain  this  approval,  but  the  manufacturers  have  voluntarily  sub- 
mitted their  lamps  for  investigation  and  criticism.  None  of  the 
lamps  submitted  to  the  bureau  was  found  acceptable  in  its  original 
form,  and  the  cooperation  with  the  Bureau  of  Mines  of  the  makers 
of  lamps,  bulbs,  and  cords  has  extended  over  the  past  three  years,  and 
the  art  of  making  safe  miner's  electric  lamps  has  thereby  been  de- 
veloped much  more  rapidly  than  would  have  been  the  case  had  the 
development  been  solely  the  result  of  commercial  exploitaticxi.  Also, 
it  is  believed  that  by  this  method  the  mining  public  has  been  saved 
expensive  and  dangerous  experiments,  which  might  have  cost  many 
lives  and  for  a  time  condemned  the  electric  lamp  as  an  impracticable 
device. 

The  first  specification  of  the  Bureau  of  Mines  as  to  conditions  and 
requirements  for  testing  electric  mine  lamps  was  set  forth  in  Sched- 
ule 5,*»  issued  in  April,  1913,  and  the  requirements  were  limited  to  the 
prevention  of  gas  ignition.  Three  lamps  were  tested  and  approved 
under  this  schedule.  Accumulated  experience  by  the  bureau  indi- 
cated the  desirability  of  a  broader  basis  of  approval,  and  another 
schedule.  Schedule  6,^  was  issued  in  February,  1914,  which  was  re- 
vised to  the  present  form  (Schedule  6A)  in  February,  1915.  Sched- 
ule 6A,  which  is  given  in  full  on  pages  45  to  53,  includes  require- 
ments for  both  the  safety  and  the  pi-ucticability  of  the  lamp.    The 

«  Fees  for  testing  permisBible  portable  electric  lamps,  character  of  tests,  and  condi 
tlons  under  which  lamps  will  be  tested  ;  Bureau  of  Mines,  1013,  8  pp. 

^  Procedure  for  establishing  a  list  of  permissible  portable  electric  mine  lamps,  Ban»a 
of  Mines.  1914,  12  pp. 
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original  approvals  under  Schedule  5  were  withdrawn  and  the  lamps 
were  retested  in  accordance  with  Schedule  6A,  and  a  broader  and 
more  comprehensive  approval  issued  to  those  lamps  that  passed  the 
later  tests. 

The  bureau  grants  its  approval  as  an  indication  of  its  confidence 
in  the  excellence  of  the  lamp  as  a  safe  and  practical  device  for  light- 
ing mines,  especially  those  mines  in  which  there  may  be  inflammable 
or  explosive  mixtures  of  gaa  and  air.  The  approval  is  conferred  only 
after  thorough  examination  and  tests  have  shown  that  the  lamp 
reaches  the  standard  established  by  th6  bureau. 

Seven  portable  electric  mine  lamps  had  been  approved  prior  to 
August,  1916,  as  follows:  Edison  lamp,  approval  No.  10,  approved 
February  24,  1915;  Manlite  lamp,  approval  No.  11,®  approved  July 
16,  1915 ;  Concordia  hand  lamp,  approval  No.  12,  approved  July  26, 
1915;  Wico  lamp,  approval  No.  14,  approved  June  10,  1916;  Con- 
cordia cap  lamp,  approval  No.  15,  approved  June  17,  1916 ;  General 
Electric  lamp,  approvals  No.  13  and  No.  13A,  approved  July  11, 
1916;  Pioneer  lamp,  approval  No.  16,  approved  July  21,  1916. 

Each  of  these  lamps  is  identified  by  a  plate  that  bears  the  seal  of 
the  Bureau  of  Mines,  the  approval  statement,  and  the  number  of  the 
approval.  No  lamp  is  considered  as  approved  unless  it  bears  this 
plate. 

ACENOWLEDOMENTS. 

Acknowledgment  is  made  of  the  helpful  cooperation  that  has  been 
given  by  the  manufacturers  of  the  various  lamps  investigated  and 
approved,  and  by  the  manufacturers  of  electric  conductors  who  made 
and  submitted  for  test  special  types  of  lamp  cords.  Special  ac- 
knowledgment is  due  to  Messrs.  R.  P.  Burrows  and  P.  F.  Bauder, 
of  the  National  Lamp  Works  of  the  General  Electric  Co.,  and  Mr. 
C.  M.  Bunnell,  of  the  Edison  Lamp  Works  of  the  General  Electric 
Co.,  for  their  successful  efforts  in  developing  satisfactory  bulbs  for 
mine  lamps. 

The  authors  are  also  indebted  to  Mr.  J.  T.  Jennings,  electrical  en- 
gineer of  the  Philadelphia  &  Reading  Coal  &  Iron  Co.,  for  informa- 
tion based  on  his  broad  experience  with  portable  electric  mine  lamps 
in  actual  service. 

HISTOBY  OF  THE  INVESTIGATION. 

At  the  outset  of  the  bureau's  work  on  electric  mine  lamps  little 
reliable  information  on  such  lamps  seemed  to  be  available,  for  the 
lamps  had  not  been  used  extensively  then,  although  some  pioneer^ 
work  had  been  done  by  several  manufacturers.    The  development  of 

•  ApproYal  rescinded  for  cause  April  23,  1917. 
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those  lamps  that  have  since  received  the  bureau's  approval  was 
either  in  a  very  early  stage  or  had  not  started. 

IMPOBTAHCB  07  DEVELOPINa  AK  ELECTRIC  LAKF  FOB  XIHEBS. 

The  bureau's  attention  was  given  to  portable  electric  lamps  for 
miners  because  the  use  of  such  lamps  would  manifestly  decrease  the 
hazards  of  mining  operations  by  the  elimination  of  flames  (either 
open  or  inclosed)  and  by  providing  more  light  in  a  more  convenient 
form  than  the  safety  lamp.  Although  the  investigation  of  portable 
electric  lamps  was  undertaken  wholly  in  the  interest  of  safety,  the 
bureau  was  not  concerned  exclusively  with  the  safety  of  the  lamp. 
An  electric  lamp  was  not  a  relatively  dangerous  piece  of  equipmrat 
that  was  indispensable  to  the  operation  of  mines,  for  other  lamps 
were  available,  but  on  the  contrary  was  a  relatively  safe  piece  of 
equipment,  not  useful  unless  practicable,  and,  if  practicable,  very 
desirable. 

It  was  the  bureau's  hope  that  the  electric  lamp  could  be  made  so 
practicable  that  the  miner  would  avail  himself  of  the  advantages  of 
its  safety  features,  as  it  was  manifestly  futile  for  the  bureau  to  urge 
the  adoption  of  an  impracticable  device,  no  matter  how  safe  it  might 
be.  Therefore  the  bureau  undertook  to  conduct  examinations  and 
tests  and  to  approve  those  lamps  that  were  found  to  be  safe  and  prac- 
ticable for  general  service  in  mines,  in  order  to  advance  as  rapidly 
as  possible  the  manufacture  of  portable  electric  mine  lamps  and  to 
avert  the  possibility  of  having  a  desirable  safety  device  condemned 
on  account  of  repeated  failure  in  service  of  impractical  forms. 

ESSENTIAL  QUALIFICATIONS  OE  ELECTBIC  MINE  LAICFS. 

Safety  is  a  prime  requisite  for  any  mine  lamp  and  was  the  first 
consideration  of  the  bureau's  engineers,  who  investigated  three  pos- 
sible dangers:  The  liability  of  the  lamps  to  cause  ignitions  of  gas, 
their  tendency  to  go  out  unexpectedly,  and  the  liability  of  the  eiec- 
troljrte  being  spilled. 

A  lamp  must  be  practicable  or  it  is  useless  as  a  safety  device.  The 
practicability  of  a  portable  electric  mine  lamp  is  measured  by  abil- 
ity to  satisfy  completely  the  requirements  of  the  user,  which  are  as 
follows: 

1.  The  lamp  shall  produce  for  the  necessary  period  a  suitable 
amount  of  properly  distributed  light. 

2.  The  lamp  shall  repeat  this  production  whenever  required  with  a 
minimum  number  of  interruptions  and  at  a  cost  commensurate  with 
the  benefits  received. 

3.  The  lamp  shall  not  spill  or  leak  electrolyte. 
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4.  The  lamp  shall  not  be  heavy  enough  to  be  a  burden  to  the  user. 

After  all  of  the  lamps  available  at  the  outset  of  the  investigation 
were  examined  and  numerous  preliminary  tests  had  been  made,  it 
was  decided  that  the  determination  of  the  safety  and  practicability 
of  a  portable  electric  mine  lamp  as  set  forth  above  required  the  in- 
vestigation of  the  qualities  enumerated  below : 

Liability  to  ignite  gas. 

Tendency  to  unexpected  extinction. 

Liability  to  spill  electrolyte. 

Light-producing  capacity — 

(1)  Amount — 

(a)  Candlepower. 
(6)  Flux. 

(2)  Distribution — 

(a)  Angle  of  light  stream. 
(6)  Smoothness. 

(3)  Time  of  burning. 
Bulb  characteristics. 
Life  of  batteries. 

Life  of  cords. 

Mechanical  and  electrical  characteristics — 

(1)  Durability. 

(2)  Reliability. 

(3)  Ease  of  repair. 

Schedule  6A,  based  on  the  above  analysis,  sets  forth  the  re- 
quirements that  the  bureau  considers  indispensable  to  the  approval 
of  portable  electric  mine  lamps  and  states  the  test  procedure  that  is 
followed  in  making  the  investigation.  The  tests  reported  in  this 
bulletin  are  based  upon  the  requirements  of  that  schedule. 

QUAI^TIES   INVESTIGATED   AND    TEST    FBOCEDUBE. 

LIABILITY  TO  IGNITE  GAS. 

Previous  experiments  of  the  bureau,  reported  in  Technical  Paper 
47,*  had  demonstrated  that  bulbs  such  as  are  used  in  miners'  electric 
lamps  can  ignite  explosive  mixtures  of  mine  gas  and  air  if  the  bulbs 
are  broken  while  the  filaments  are  glowing  at  their  normal  operating 
temperature.  The  bureau  had,  therefore,  prescribed  in  its  testing  re- 
quirements that  mine  lamp  outfits  must  be  provided  with  a  device 
that  would  extinguish  the  filaments  if  the  bulbs  were  broken.  The 
standard  tests  to  determine  the  effectiveness  of  such  devices  were  con- 
ducted, in  general,  as  follows: 

The  headpiece  of  the  lamp  was  placed  in  a  box  that  was  filled  with 
the  most  explosive  mixture  of  natural  gas — natural  gas  supplied  to 

*  Clark,  H.  H.,  Portable  electric  mine  lamps ;  Tech.  Paper  47,  Bureau  of  Mines, 
1918,  8  pp. 
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the  city  of  Pittsburgh — and  air,  and  the  bulbs  were  then  broken  while 
glowing  with  normal  brilliancy.  The  breaking  was  accomplished  by 
means  of  a  tool  mounted  on  the  end  of  a  sliding  rod  and  shaped  like 
a  miner's  pick  (PI.  I)  that  was  directed  successively  at  different 
points  in  the  headpiece,  against  which  it  was  driven  with  considerable 
force  by  means  of  a  wooden  mallet.  If,  as  a  result  of  these  tests,  a 
bulb  was  broken  without  becoming  extinguished,  the  safety  device 
was  considered  to  have  failed,  even  though  the  gaseous  mixture  was 
not  ignited. 

Tests  were  also  made  without  the  use  of  gas  by  striking  the  head- 
piece a  violent  blow  with  a  hammer,  a  mallet,  or  a  short-handled 
pick  (see  PI.  II),  or  by  swinging  the  headpiece  on  its  cord  against 
stone,  iron,  or  wood.  If  by  this  treatment  a  bulb  was  broken  but  not 
extinguished  by  the  safety  devices  these  were  con^dered  to  have 
failed.  A  single  failure  of  the  safety  devices  made  it  necessary  to 
redesign  them. 

Tests  reported  in  Technical  Paper  47  *  showed  that  gas  ignition  as 
the  result  of  noninductive  sparks  produced  by  the  batteries  of  port- 
able electric  mine  lamps  was  a  rehiote  contingency,  but  might  occur 
if  the  current  broken  was  sufficiently  large.  A  safe  maximum  value 
of  current  for  a  single  cell  of  lead-acid  storage  battery  was  found  by 
test  to  be  125  amperes,  and  for  two  cells  of  alkaline  storage  battery 
(the  usual  grouping  in  mine  lamps)  to  be  85  amperes.  Tests  were 
therefore  made  to  determine  whether  or  not  these  currents  could  be 
exceeded  under  any  conditions  of  service,  normal  or  accidental;  if 
excessive  currents  could  be  obtained  changes  in  construction  were 
required. 

The  "  standard  "  short-circuit  test  was  made  by  connecting  the  bat- 
tery to  be  tested  directly  across  an  ammeter  in  series  with  a  resistance 
equal  to  the  resistance  that  the  lamp  circuit  would  have  if  a  complete 
short  circuit  existed  just  outside  the  battery  casing.         • 

TENDENCY  TO  UNEXPECTED  EXTINCTION. 

This  quality  bears  on  safety  and  is  likely  to  exist  in  lamps  of  in- 
ferior design  and  construction  on  account  of  loose  contacts,  low  ca- 
pacity, or  poorly  designed  safety  devices. 

The  standard  method  of  investigating  the  tendency  to  unexpected 
extinction  as  the  result  of  jars  or  shocks  consisted  in  dropping  the 
headpiece  of  cap-lamp  equipments,  and  the  hand  lamp  complete,  on 
a  concrete  floor  from  a  height  of  6  feet. 

The  likelihood  of  extinction  caused  by  inferior  construction  pv- 
ing  rise  to  uncertain  contacts  was  determined  by  inspection  and  con- 
firmed by  actual  experience  in  operating  the  lamps  in  connection 
with  the  bulb-life  tests  made  in  the  laboratory. 

•Clark,  H.  H.,  Portable  electric  mine  lamps;  Tech.  Paper  47»  1913.  pp.  7-10. 
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LIABILITY  TO  SPILL  ELECTROLYTE^ 

The  liability  of  the  electrolji^  being  spilled  bears  on  safety,  and 
the  fault  may  well  be  possessed  by  any  batteries  not  designed  and 
constructed  with  much  care. 

The  standard  "  spilling  test "  was  conducted  by  mounting  in  a  test- 
ing machine  4  cells,  selected  at  random  from  50  submitted  for 
test,  and  operating  them  for  seven  successive  hours  by  shaking  them 
back  and  forth  in  two  general  ways,  designated  as  the  "  picking  test " 
and  the  "  shoveling  test "  from  the  services  that  the  tests  were  in- 
tended to  simulate. 

Plate  III,  J.,  shows  the  testing  machine  with  batteries  assembled 
for  the  "  picking  test."  Four  cells  were  grouped  in  an  upright  posi- 
tion on  a  horizontal  platform  that  was  hinged  on  a  vertical  axis  at 
a  point  10  inches  from  the  center  of  the  group,  and  otherwise  ar- 
ranged so  that  it  could  be  swung  back  and  forth  through  a  horizontal 
arc  of  23*.  Swinging  the  cell  back  and  forth  72  times  a  minute  for 
two  hours  constituted  a  "  picking  test,"  and  two  tests  were  given 
during  the  seven-hour  period. 

Plate  III,  B^  shows  the  testing  machine  with  batteries  assembled 
for  the  "  shoveling  test."  Four  cells  were  grouped  on  their  sides  on 
a  horizontal  platform  that  was  hinged  on  a  horizontal  axis  at  a 
point  40  inches  below  the  center  of  the  group  and  otherwise  arranged 
so  that  the  cells  could  be  swung  back  and  forth  through  a  vertical 
arc  of  21°.  This  operation  repeated  48  times  a  minute  for  one  hour 
constituted  a  "  shoveling  test."  and  three  such  tests  were  made  dur- 
ing the  seven-hour  period. 

Before  the  seven-hour  test  was  begun  the  batteries  were  fully 
charged  and  allowed  to  stand  on  open  circuit  for  one  hour  imme- 
diately preceding  the  "spilling  test,"  which  was  made  with  the 
equipments  completely  assembled  and  with  the  bulbs  burning.  If 
any  battery  spilled  one  drop  of  electrolyte  during  the  seven  hours  of 
t«st  (three  hours  of  "shoveling"  and  four  hours  of  "picking")  the 
venting  system  or  devices  had  to  be  redesigned  and  retested. 

LIGHT-PRODUCING  CAPACITY. 

The  light-producing  capacity  of  a  lamp  is  the  first  essential  of 
practicability  and  bears  directly  on  safety. 

CANDLEPOWER  AND  LIGHT  FLUX. 

The  investigation  of  light-producing  capacity  requires  the  con- 
sideration not  only  of  the  amount  of  light  produced  but  also  of  the 
character  of  its  distribution,  which  includes  the  angle  of  the  stream 
of  light  and  the  evenness  of  illumination  of  the  surface  upon  which 
the  stream  is  directed. 
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The  light-producing  capacity  of  a  lamp  is  its  capacity  to  produce 
a  sufficient  amount  of  properly  distributed  light.  The  determina- 
tion of  the  amount  requires  the  measurement  of  the  candlepower  and 
the  area  over  which  it  acts,  so  that  the  total  volume  of  light,  as 
well  as  its  intensity,  may  be  known. 

The  bureau  fixed  as  a  minimum  requirement  of  candlepower  (in- 
tensity) and  light  flux  (total  light)  the  values  obtained  from  \i 
standard  safety  lamp."  It  was  hoped,  however,  that  the  electric 
lamps  submitted  would  considerably  exceed  the  limits  set,  and  that 
hope  has  been  realized. 

The  standard  tests  for  light-producing  capacity  were  conducted  as 
follows : 

The  candlepower  and  light  flux  of  the  lamps  were  measured  by 
means  of  a  Leeds  &  Northrup  photometer  using  a  Lummer-Brodhun 
contrast  screen.  The  standard  lamps  were  made  and  standardized 
by  the  National  Lamp  Works  of  the  General  Electric  Co.  All  elec- 
trical instruments  used  for  both  standard  and  test  lamps  were  com- 
pared at  intervals  with  a  Wolff  potentiometer,  and  were  compared 
before  aild  after  each  test  with  a  secondary  standard  used  for  no 
other  purpose.  Both  the  standard  and  the  test  lamps  were  oper- 
ated from  lead  storage  batteries. 

The  candlepower  and  light  flux  of  a  portable  electric  mine  lamp  de- 
pend on  the  bulb  used,  the  condition  of  the  battery,  and  the  charac- 
ter and  condition  of  the  reflector.  The  candlepower  value  also  de- 
pends on  the  method  used  to  determine  it ;  for  instance,  whether  it  is 
measured  in  one  direction  or  whether  it  is  measured  in  several  and 
the  average  taken. 

The  bulb  variable  was  eliminated  by  taking  the  average  perform- 
ance of  100  bulbs.  The  battery  variable  was  eliminated  by  obtain- 
ing for  20  ceils  the  average  voltage  after  discharging  imder  normal 
conditions  for  1  hour  and  for  12  hours.  The  reflector  variable  was 
eliminated  by  averaging  the  performance  of  6  reflectors. 

It  was  considered  that  the  best  way  to  measure  candlepower  was 
to  determine  the  average  over  the  entire  stream  of  light  produced 
by  the  lamp,  and  this  was  done  by  mounting,  as  shown  in  Plate  IV. 
a  fully  assembled  headpiece  so  that  it  could  be  rotated  rapidly 
around  an  axis  that  coincided  with  the  axis  of  symmetry  of  the  cone 
of  light.  The  first  reading  on  the  photometer  was  then  made  di- 
rectly in  front  of  the  rotating  headpiece,  which  was  swung  througli 
an  arc  oi  2^°  for  each  successive  reading  until  the  light  was  no  longer 
visible.  By  making  the  proper  calculation  from  the  data  thus  ob- 
tained, a  very  accurate  average  candlepower  value  was  reached. 

•  Clark,  H.  H.,  Permissible  electric  lamps  for  miners :  Tech,  Paper  75,  1914,  p.  14. 
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Light  from  lamps  that  are  carried  on  the  cap  is  emitted  in  a  cone 
of  rays.  The  bureau  adopted  180^  as  the  minimum  angle  of  this  cone 
that  would  insure  that  the  eyes  of  a  man  wearing  the  lamp  would 
normally  rest  on  a  lighted  surface. 

The  agreement  of  the  lamps  with  this  requirement  was  deter- 
mined by  means  of  the  readings  taken  on  tiie  photometer  while  the 
candlepower  was  being  measured. 

The  smoothness  of  distribution  of  the  light  was  determined  in  two 
ways.  The  readings  taken  while  measuring  candlepower  with  the 
photometer  were  plotted  as  a  curve,  from  which  was  calculated  the 
corresponding  values  of  illumination ;  also,  the  light  from  six  equip- 
ments in  succession  was  cast  upon  a  white  screen,  and  the  presence 
or  absence  of  shadows  or  of  areas  of  contrasting  illumination  was 
observed  directly. 

TIME  OF  BDBNINQ. 

The  time  of  burning  on  a  single  charge  of  the  battery  is  a  factor 
of  the  capacity  of  the  lamp  to  produce  light.  A  consideration  of 
this  quality  is  essential  to  the  determination  of  practicability  and 
has  a  remote  bearing  on  safety. 

The  time  of  burning  of  an  equipment  is  manifestly  the  time  during 
which  the  equipment  will  produce  with  one  charge  of  battery  at 
least  the  minimum  amount  of  light  that  the  bureau  prescribes.  The 
standard  time-of -burning  test  was  conducted  as  follows:  It  was 
proved  by  test  that  a  fairly  constant  relation  existed  between  the 
candlepower  of  a  bulb  and  the  average  candlepower  of  the  stream  of 
light  that  the  bulb  would  produce  when  installed  in  the  headpiece 
of  a  lamp.  As  a  minimum  value  had  been  established  for  the  aver- 
age lamp  candlepower,  the  determination  of  the  minimum  allowable 
bulb  candlepower  was  a  simple  mathematical  problem.  Each  of 
100  bulbs  was  measured  to  determine  the  voltage  that  must  be  im- 
pressed upon  the  bulb  to  give  the  minimum  bulb  candlepower.  This 
value  of  voltage  was  then  referred  to  the  lamp-battery  discharge 
voltage  curve,  which  was  plotted  between  voltage  and  hours  of  dis- 
charge, to  ascertain  for  how  many  hours  the  battery  could  be  dis- 
charged before  its  voltage  fell  below  the  value  that  was  required  to 
give  the  minimum  amount  of  light.  Thus  a  time  of  burning  was 
established  for  each  of  100  bulbs  and  the  average  of  the  100  deter- 
minations was  taken  as  the  time  of  burning  of  the  equipment. 

BtriiB   CHARACTERISTICS. 

The  characteristics  of  the  bulbs  used  with  portable  electric  mine 
lamps  are  w^ghty  factors  in  determining  practicability  and  have  a 
certain  though  less  important  bearing  on  safety.    The  bulb  is  the 
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complement  of  the  battery,  and  if  the  bulb  is  not  designed  to  work 
with  the  battery  the  results  may  be  imsatisfactory.  Unless  the  per- 
formance expected  of  the  bulb  is  carefully  defined  and  considered 
in  the  design  of  the  bulb  the  resulting  lack  of  uniformity  will  affect 
undesirably  the  reliability  of  performance. 

The  standard  tests  of  bulbs  were  conducted  as  follows :  The  bulbs 
were  measured  for  uniformity  of  current  consumption,  uniformity 
of  candlepower,  and  length  of  life.  From  1,000  bulbs  submitted 
100  were  selected  at  random  and  burned  for  12  hours  to  "  season '' 
them.  Their  current  consumption  and  candlepower  were  then  meas- 
ured at  a  constant  voltage  and  the  value  obtained  for  each  bulb  was 
compared  with  the  average  of  the  100  bulbs  to  see  if  any  exceeded 
the  tolerance  in  uniformity  prescribed  by  Schedule  6A. 

The  life  of  the  bulbs  was  measured  by  operating  20  of  them  in 
standard  mine-lamp  equipments  and  80  others  in  multiple  on  a 
large  battery  that  had  the  same  discharge  voltage  characteristics  as 
the  mine-lamp  batteries.  The  bulbs  tested  on  the  mine-lamp  bat- 
teries were  burned  12  hours  on  a  single  charge  of  battery.  The 
bulbs  tested  on  the  large  battery  were  operated  for  various  periods 
on  a  single  charge,  but  the  starting  and  stopping  voltage  for  each 
discharge  was  made  the  same  as  for  the  mine-lamp  batteries,  thus 
insuring  uniformity  of  test  conditions. 

LIEB  OF   BATTERIES. 

The  life  of  batteries  is  manifestly  of  considerable  importance  in 
the  determination  of  practicability  because  it  bears  directly  on  cost 
of  upkeep. 

The  life  of  a  properly  designed  and  constructed  mine-lamp  batten' 
should  be  not  less  than  three  hundred  12-hour  discharges,  and  the 
makers  of  some  mine-lamp  equipments  guarantee  twice  this  life. 
It  was  not  practicable  for  the  bureau  to  make  tests  of  this  duration, 
but  the  behavior  of  the  batteries  was  carefully  observed  while  tlie 
life  test  of  bulbs  was  being  conducted,  and  if  the  batteries  exhibited 
any  tendency  to  early  deterioration,  or  if  they  required  excessive  care 
and  attention,  they  were  not  approved. 

LIFE  OF  LAMP  CORDS. 

The  life  of  the  lamp  cords  has  such  a  bearing  on  practicability  that 
at  one  time  it  was  almost  the  limiting  feature.  Cords  of  short  or 
uncertain  life  not  only  increase  the  cost  of  upkeep,  but  also  affect 
adversely  the  reliabilitv  of  the  equipment  by  causing  unexpected 
interruptions.  Early  in  the  development  of  electric  lamps  for  wear- 
ing  on  a  miner's  cap  it  became  manifest  that  the  design  of  the  cord 


HISTORY  OF   THE  INVESTIGATION.  17 

connecting  the  battery  to  the  headpiece  presented  a  problem  of  some 
difficulty.  Long  after  other  weak  points  of  the  equipment  had  been 
eliminated  the  cord  continued  to  give  trouble,  until  finally  it  came 
to  be  regarded  as  the  weakest  part  of  a  mine-lamp  equipment.  The 
bureau  therefore  undertook  to  assist  in  the  development  of  a  satis- 
factory cord,  with  the  gratifying  results  reported  in  pages  19  to  22, 
where  is  set  forth  the  method  of  conducting  the  standard  tests  of 
cords. 

MECHANICAL  AND  FliECTRICAL  CHARACTERISTICS* 

The  mechanical  and  electrical  characteristics  of  an  equipment  de- 
termine the  degree  of  practicability  and  safety  of  the  equipment,  as 
they  bear  on  continuity  of  service,  the  likelihood  of  sudden  inter- 
ruptions, and  the  cost  of  upkeep. 

Examination  for  these  characteristics  involves  consideration  of,  the 
strength  of  the  various  parts,  their  ability  to  function  under  continu- 
ous service,  and  the  extent  to  which  they  require  unusual  attention 
or  expert  care  in  operation  and  maintenance. 

The  standard  method  of  investigating  the  mechanical  and  electrical 
characteristics  of  the  lamps  was  as  follows :  The  mechanical  strength 
of  the  lamps  was  determined  by  test  and  by  inspection.  Hand  lamps 
and  the  headpieces  of  cap  lamps  were  tested  by  dropping  10  times 
on  a  concrete  floor  from  a  height  of  6  feet.  If  a  lamp  or  a  headpiece 
was  materially  deformed  as  the  result  of  these  tests,  changes  in  con- 
struction were  required.  The  test  of  the  complete  cap-lamp  equip- 
ment was  made  with  four  batteries,  each  of  which,  unless  broken 
previously,  was  dropped  20  times  upon  a  wooden  floor  from  a  height 
of  3  feet.  If  any  battery  developed  a  leak  before  it  had  been  dropped 
6  times,  or  if  the  four  batteries  could  not  be  dropped  an  average 
of  10  times  without  developing  a  leak,  the  jar  of  the  battery  had  to 
be  made  more  substantial.    Then  the  tests  were  repeated. 

The  consideration  of  the  mechanical  and  electrical  features  of  a 
lamp  was  begun  as  soon  as  the  lamp  was  submitted  and  was  com- 
pleted only  when  the  lamp  was  finally  accepted.  The  long  and  varied 
experience  of  the  bureau's  engineers  with  the  operation  and  testing 
of  lamps  has  provided  them  with  considerable  information  which 
was  placed  at  the  service  of  mine-lamp  makers  in  the  form  of  con- 
structive criticism  of  the  details  of  construction.  Especial  attention 
was  given  to  directing  the  development  so  as  to  insure  uninterrupted 
service  with  a  minimum  of  repairs,  adjustments,  or  replacements  of 
parts.  If  a  lamp  when  submitted  was  manifestly  weak  in  any 
mechanical  feature  the  bureau  required  that  the  defect  be  remedied 
before  the  formal  investigation  of  the  lamp  was  begun.  If  mechani- 
cal or  electrical  weaknesses  were  discovered  during  the  course  of  the 
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investigation  the  lamp  manufacturer  was  required  to  strengthen  the 
weak  part  before  the  approval  was  issued.  After  the  c<xnpleti(m  of 
all  the  tests  two  equipments  complete  with  all  modificaticms  were 
examined  in  detail  and  final  changes  were  required  if  essential,  or 
recommended  if  merely  desirable. 

f>EFICIENCIES  BEMEBIEB. 

The  equipments  as  first  submitted  to  the  bureau  were  deficient  in 
some  or  all  of  the  following  features:  Safety  device,  angle  of  light 
stream,  distribution  of  light,  life  and  uniformity  of  bulbs,  cord 
clamps,  strength  of  cord  armor,  life  of  cords,  suitable  means  for  lock- 
ing the  battery  casings,  and  workmanship.  These  deficiendes  have 
all  been  overcome  to  a  greater  or  less  extent,  and  most  of  tbem  com- 
pletely, in  the  equipments  that  have  been  approved  by  the  bureau. 

SAFETT  DEVICE. 

Each  manufacturer  developed  his  own  safety  device,  but  tie 
bureau  has  been  largely  instrumental  in  perfecting,  as  described 
below,  the  other  features  mentioned. 

ANGI^  OF  LIGHT  STREAM. 

From  the  outset  of  the  investigation  the  bureau  engineers  empha- 
sized the  need  of  a  wide  angle  of  light  stream  so  that  the  eyes  of  the 
lamp  user  may  normally  encounter  no  unlighted  surfaces.  If  the 
angle  of  the  light  stream  is  the  same  as  a  man's  angle  of  visiiHi  the 
lamp  produces  the  effect  of  complete  illumination  with  its  att^dant 
freedom  of  movement.  Experiment  showed  that  a  light  stream  hav- 
ing an  angle  of  180^  produced  very  nearly  the  desired  effect  and 
that  value  was  adopted  by  the  bureau  as  a  minimum  requirement 
The  angle  of  the  light  stream  of  four  of  the  seven  types  of  lamps 
that  have  been  approved  by  the  bureau  was  increased  to  130°  from 
values  as  low  as  85°  in  one  instance. 

DISTRIBUTION  OF  LIGHT. 

The  amount  of  light  produced  by  any  of  the  approved  portable 
electric  mine  lamps  is  not  large,  the  most  powerful  producing  about 
5.3  limiens  (a  good  flame  safety-lamp  produces  about  3  lumens),  but 
it  is  adequate  if  distributed  evenly  over  the  surface  illuminated. 
Uneven  distribution  not  only  tires  the  eyes,  but  is  inefficient,  because 
light  from  the  brighter  parts  causes  the  pupil  of  the  eye  to  contract 
so  that  the  parts  more  faintly  illuminated  can  not  be  clearly  seen. 

Highly  polished  reflectors  are  more  efficient  than  dull  surfaces  but 
the  distribution  of  light  is  as  a  rule  decidedly  uneven  and  the  sur- 
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face  illuminated  is  covered  with  sharply  contrasting  areas  of  bright 
and  f&int  illumination.  In  order  to  avoid  such  sharp  contrasts,  re- 
flecting surfaces  that  diffused  the  light  had  to  be  used.  Also  the  de- 
sign of  the  shape  of  the  reflectors  required  considerable  skill  and 
care  in  order  to  distribute  the  light  evenly  over  the  surface  and  pre- 
vent concentration  of  light  in  the  center  of  the  light  stream.  Only 
one  of  the  lamps  as  submitted  met  the  requirements  for  distribution 
of  light  (see  p.  47)  and  various  changes  were  necessary  in  the 
others.  Plates  V  and  VI  show  two  instances  where  the  distribution, 
and  in  one  instance  the  angle  of  light,  was  improved  by  the  manufac- 
turer at  the  bureau's  request. 

BUIiBS. 

One  of  the  most  important  parts  of  the  lamp  equipment  is  the  bulb, 
which  converts  into  light  the  energy  supplied  by  the  battery.  Evi- 
dently the  bulb  should  operate  at  the  highest  practicable  efficiency. 
The  efficiency  of  a  bulb  increases  with  the  operating  temperature  of 
the  filament  but  unfortunately  the  life  of  a  bulb  decreases  as  the 
operating  temperature  rises  so  that  an  increase  in  efficiency  is  un- 
avoidably accompanied  by  a  decrease  in  life. 

Therefore,  to  produce  a  bulb  for  mine-lamp  service  in  which  the 
eflSciency  and  the  life  of  the  bulb  have  each  received  proper  consid- 
eration required  more  care  and  thought  than  had  been  given  before 
to  the  design  of  miniature  bulbs.  Uniformity  in  bulb  performance 
is  always  a  desirable  thing,  but  is  especially  desirable  if  the  bulb  is 
to  be  properly  designed  for  the  equipment  with  which  it  is  used. 
That  is  to  say,  if  the  bulb  is  designed  to  give  the  maximum  possible 
efficiency  consistent  with  the  life  requirements  a  departure  from 
this  design  can  not  fail  to  give  too  short  a  life  or  too  low  an 
efficiency. 

At  the  outset  of  its  investigation  the  bureau  found  that  the  types 
of  miniature  lamp  bulbs  on  the  market  were  unsatisfactory  for  use 
in  mine  lamps  and  for  months  the  lamp  manufacturers  could  not  ob- 
tain American  bulbs  that  the  bureau  could  approve.  However,  the 
bureau  was  successful  in  arousing  the  interest  of  bulb  manufacturers 
in  making  bulbs  better  suited  to  mine-lamp  service  and  with  their 
cooperation  bulbs  suitable  for  this  service  have  been  designed  and 
manufacturing  methods  have  been  developed  that  already  insure  a 
gratifying  degree  of  uniformity  and  promise  to  accomplish  even 
better  results  soon. 

CORD  AND  ACCESSORIES. 

Long  after  the  remainder  of  the  equipment  was  fairly  well  de- 
veloped the  cord  that  connects  the  battery  and  the  bulb  was  still 
givmg  trouble  of  a  most  trying  sort  by  developing  open  circuits, 
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partial  or  complete,  often  unexpectedly  and  always  after  a  com- 
paratively short  term  of  service. 

Part  of  this  trouble  was  caused  by  the  lack  of  means  for  fastening 
the  cord  to  the  shell  of  the  battery  cbver  and  the  headpieoe  in  order 
to  relieve  the  electrical  connections  of  the  strains  that  the  cord  must 
receive  in  service.  Such  a  means  of  fastening  was  one  of  the  first 
requirements  of  the  bureau  and  all  approved  lamps  have  an  adequate 
device  for  clamping  the  cord. 

Trouble  with  the  cords  was  due  in  even  greater  degree  to  inade- 
quate reinforcement  where  the  cords  left  the  battery  casing  and 
where  they  entered  the  headpiece.  Situations  of  this  sort  hare 
always  been  difficult  for  flexible  electric  conductors  and  the  electric 
mine  lamp  has  been  no  exception.  The  earlier  types  of  armor  were 
so  weak  that  often  they  were  outlasted  by  the  cord  which  they  were 
designed  to  protect..  The  lamp  manufacturers,  in  cooperation  with 
the  bureau,  have  now  developed  protective  armors  that  give  satis- 
factory service,  although  the  design  of  some  cords  can  and  no  doubt 
will  be  improved. 

The  need  for  better  cords  as  demonstrated  by  actual  service  in 
mines  became  so  acute  that,  as  stated  earlier  in  this  report,  the  bureau 
endeavored  to  assist  the  development  of  the  lamp  by  undertaking, 
with  the  cooperation  of  the  manufacturers  of  insulated  electric  con- 
ductors, the  development  of  a  suitable  mine-lamp  cord.  Letters  were 
sent  to  various  wire  and  cable  manufacturers  ^;ating  that  the  bureau 
would  make,  without  charge,  comparative  tests  of  such  cords  as  were 
submitted,  preference  being  given  to  cords  made  in  accordance  with 
the  bureau^s  suggestions,  which  were  outlined  in  a  diort  memo- 
randum that  was  sent  to  each  manufacturer  addressed.  The  follow- 
ing companies  expressed  a  willingness  to  submit  for  test,  without 
charge  to  the  bureau,  samples  of  flexible  cord  designed  for  mine- 
lamp  service:  General  Electric  Co.,  John  A.  Roebling^s  Sons  Co., 
Kerite  Insulated  Wire  &  Cable  Co.,  Okonite  Co.,  Simplex  Wire  & 
Cable  Co.,  and  Standard  Undergi'ound  Cable  Co. 

Eighteen  types  of  cord  were  submitted  and  tested  and  a  report  of 
the  results  was  sent  to  each  manufacturer  cooperating  and  to  each 
manufacturer  of  portable  electric  mine  lamps. 

COBD-TEST  PBOCEDTTBE. 

Portable  electric  mine-lamp  cords  are  destroyed  by  the  switcliing 
back  and  forth  while  attached  to  the  body  of  a  working  miner.  In 
the  past  this  switching  has  caused  the  wires  to  break  before  the 
insulation  was  even  damaged.  The  test  to  which  these  cords  were 
submitted  by  the  bureau  imitated  the  switching  of  the  cords  in 
service,  but  the  amplitude,  speed,  and  f  i*equency  of  the  switching  was 
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exaggerated  in  order  to  hasten  the  test  results  and  to  provide  a 
factor  of  safety. 

DESCBIPnON   OF  COBD-TESTINQ  DEVICK. 

The  testing  device  (PI.  VII)  consisted  of  a  rectangular  frame  that 
was  swung  back  and  forth  by  a  motor,  the  cords  being  so  mounted 
on  this  frame  that  they  slatted  as  it  oscillated.  The  frame  was  hung 
in  a  vertical  position  from  a  horizontal  shaft  that  passed  along  its 
upper  edge.  Ten  battery  covers  were  mounted  on  the  lower  edge  of 
the  frame,  their  tops  being  48  inches  below  the  center  of  the  shaft 
about  which  the  frame  swung.  One  end  of  each  cord  was  fastened 
in  the  battery  cover  by  the  means  provided  and  the  other  end  was 
fastened  to  the  frame  at  a  point  24  inches  above  the  battery  cover. 
The  length  of  the  cord  between  fastenings  was  36  inches,  which  pro- 
vided enough  slack  for  the  slatting  of  a  cord  when  the  frame 
oscillated. 

The  frame  was  swung  back  and  forth  92  times  a  minute  through 
a  verRcal  angle  of  50°  30',  causing  the  cords  to  slat  vigorously.  Each 
cord  was  moved  to  and  fro  between  horizontal  stationary  guide  bars 
made  of  oak,  sandpapered  and  shellacked,  and  spaced  2^  inches  apart. 
These  bars,  which  were  placed  about  half-way  between  the  points  at 
which  the  cord  ^as  fastened,  had  an  abrading  action  on  the  outer 
covering  of  the  cord,  although  the  abrasion  was  decidedly  slow.  An 
automatic  counter  was  connected  to  the  frame  for  registering  the 
number  of  oscillations. 

ELECTRICAL   CONNECTIONS. 

Ten  cords  were  tested  simultaneously,  the  cords  being  connected 
in  series  with  each  other  and  with  a  relay  that  stopped  the  motor 
automatically  when  the  test  was  completed.  The  motor  was  operated 
until  the  cord  system  open-circuited  or  until  it  increased  in  resistance 
to  10  times  the  original  value.  Poor  cords  were  tested  until  the 
circuit  opened,  good  cords  until  their  resistance  increased  10  times. 
When  the  motor  was  stopped  the  following  method  was  used  to  de- 
termine which  of  the  10  cords  had  developed  excessive  resistance  or 
an  open  circuit. 

Each  cord  as  connected  for  test  was  shunted  across  a  miniature  in- 
candescent bulb  and  all  cords  were  connected  in  series.  Means  were 
provided  for  switching  into  this  series  a  miniature  bulb  shunted 
across  a  resistance  of  10  times  the  normal  resistance  of  one  cord. 
This  bulb,  with  the  resistance,  was  called  the  "  comparator."  When 
current  was  passed  through  the  comparator  and  the  10  cords  in  series 
the  shunted  lamps  glowed  in  proportion  to  the  resistance  across 
which  they  were  shunted.    Therefore  the  bulb  of  any  cord  whose 
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resistance  had  increased  to  10  times  the  normal  glowed  as  brightly  as 
the  comparator  bulb,  and  conversely  any  cord  whose  bulb  was  less 
brilliant  than  the  comparator  bulb  had  not  reached  the  maximum 
resistance  allowable. 

BE6I7LTS   OF   COBD  TVBT. 

When  the  investigation  began  the  best  lamp  cord  then  tested  in 
the  laboratory  of  the  bureau  averaged  about  30,000  operations.  Dur- 
ing the  cooperative  work  with  the  manufacturers  of  electric  con- 
ductors there  were  developed  two  cords  that  gave  more  than  100,000 
operations  on  the  average,  three  that  gave  more  than  200,000  opera- 
tions, and  one  that  gave  over  1,000,000.  It  is  therefore  believed  that 
the  problem  of  the  mine-lamp  cord  has  been  solved. 

LAMPS  APPBOVED  AND  DESCBIPTION  OF  TESTS. 

The  lamps  that  were  approved  by  the  bureau  and  the  tests  of  these 
lamps  are  described  in  the  following  pages.  All  tests  reportec^  here 
were  made  under  the  provisions  of  Schedule  6A,  which  is  given  in 
full  on  pages  45  to  53,  and  unless  stated  to  the  contrary  were  the 
standard  tests  described  previously  in  this  paper. 
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The  Edison  lamp,  submitted  by  the  Edison  Storage  Battery  Co., 
of  Orange,  N:  J.,  is  a  cap  lamp  operated  by  two  cells  of  alkaline 
battery.  The  lamp  weighs  about  four  pounds  and  has  a  capacity  of 
35  to  44  lumen-hours  (depending  on  the  brand  of  bulb  used)  for  a 
12-hour  shift.  It  has  a  snap  lock  opened  with  a  key.  Detailed  speci- 
fications for  this  lamp  are  given  in  Table  1  (p.  44).  The  assembled 
equipment  is  shown  in  Plate  VIII,  and  its  component  parts  in 
Plate  IX. 

The  lamp  was  tested  in  accordance  with  the  requirements  of 
Schedule  6A,  and  after  several  changes  in  design  and  construction 
had  been  made  was  approved  February  24,  1915,  for  safety  and  for 
practicability  and  efficiency  in  general  service  (approval  No.  10). 

GAS-IGNITION  TESTS. 

The  device  that  is  designed  to  prevent  gas  ignition  is  shown  in 
figure  1.  It  consists  of  a  spring  a  that  holds  the  bulb  in  circuit 
as  long  as  the  bulb  is  intact,  but  allows  it  to  fall  out  of  circuit  if  the 
bulb  glass  is  broken.  The  release  from  circuit  is  assisted  by  the 
spring  h  that  presses  against  the  center  contact  c  in  the  base  of 
the  bulb.  The  first  tests  made  of  the  lamp  indicated  the  desirability 
of  certain  changes  in  the  design  of  the  safety  device,  and  after  these 
were  made  the  tests  were  repeated,  with  satisfactory  results. 
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The  maximum  current  that  could  be  obtained  by  short-circuiting 
the  lamp  battery  was  determined  by  the  standard  test  to  be  less  than 
30  amperes,  which  is  well  below  the  maximum  test  requirement  for 
batteries  of  this  type. 

TENDENCT  TO  UNEXPECTED  EXTINCTION. 

As  first  submitted  for  test  the  lamp  had  several  unnecessary  con- 
tacts and  connections  between  the  battery  and  the  bulb,  and  the 


Fiomui  1. — Sectional  view  of  beadplece  of  Edison  lamp,  showing  principle  ot  safety 

devices. 

methods  of  making  connections  were  not  altogether  satisfactory. 
These  contacts  were  the  only  probable  source  of  unexpected  extinc- 
tion, for  the  battery  had  sufficient  capacity  and  was  reliable  in  action, 
and  it  had  been  proven  by  the  standard  tests  that  the  safety  devices 
were  not  so  delicate  as  to  operate  prematurely.  At  the  bureau's 
request  the  manufacturer  eliminated  some  of  the  contacts  and  im- 
proved the  character  of  some  f»f  the  connections,  thus  eliminating  the 
tendency  to  unexpected  extinction. 
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SPILLING  OF  ELECn^ROLYTE. 

The  batteries  passed  the  standard  tests  without  spilling  a  drop  of 
electrolyte. 

LIGHT-PRODUCING  CAPACITY. 
AMOUNT  OF  LIGHT. 

Three  different  bulbs  having  different  characteristics  were  ap- 
proved for  use  with  this  lamp.  The  amount  of  light  that  each  pro- 
duced is  shown  in  the  table  following. 

Amovnt  of  light  produced  by  the  Edison  mine  lamp,  approval  No,  10^  using 

various  hulhs  approved  for  use  with  this  lamp. 


Average  candlepower  after  burning  1  hour . . 
Average  candlepower  after  burning  12  hours 

Total  lumens  after  burning  1  hour 

Total  lumens  after  burning  12  hours 


Bulb  symbol. 


ae-v.a 


1.19 
0.88 
4.32 
3.01 


EdisoD 
BM-10.I> 


1.04 

3.76 
SLIS 


National 
BM-10.C 


1.21 
0.71 
4.39 
2.58 


a  Made  by  the  Independent  Lamp  &  Wire  Co.,  New  York,  N.  Y. 

t>  Made  by  the  Ediam  Lamp  Works  of  the  General  Electric  Co.,  Harrison,  N.  J. 

e  Made  by  the  National  Lamp  Works  of  the  General  Electric  Co.,  Cleveland,  Ohio. 

DISTRIBUTION   OF   LIGHT. 

The  distribution  of  light  from  the  headpiece  first  submitted  with 
the  Edison  lamp  was  not  smooth  and  uniform  and  the  angle  of  the 
light  stream  was  much  too  narrow.  The  manufacturers,  therefore, 
completely  remodeled  the  headpiece.  The  distribution  from  the 
remodeled  headpiece  was  measured  in  the  standard  way  and  was 
found  to  meet  the  test  requirements  so  nearly  that  it  could  be  ap- 
proved. The  reflector  is  covered  with  the  so-called  "cleanezy" 
finish  and  is  not  detachable. 

TIME  OF  BUBNING. 

It  was  determined  by  the  standard  test  that  the  lamp  would  burn 
on  the  average  about  16  hours  on  one  charge  of  battery  before  the 
average  candlepower  of  the  light  stream  fell  below  0.4  (the  mini- 
mum test  requirement). 


BUIiB   CHARACTERISTICS. 


Eight  lots  of  different  bulbs,  consisting  of  1,000  bulbs  each,  were 
submitted  for  test  in  connection  with  this  lamp.  Three  bulbs  were 
approved — ^the  symbol  26-V  bulbs,  made  by  the  Independent  Lamp 
&  Wire  Co. ;  the  symbol  BM-10  bulbs,  made  by  the  Edison  Lamp 
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Works  of  the  General  Electric  Co. ;  and  the  symbol  BM-10  bulbs 
made  by  the  National  Lamp  Works  of  the  General  Electric  Co. 
Each  lot  of  these  bulbs  burned  in  the  standard  test  for  more  than  200 
hours,  and  if  the  bulbs  had  been  burned  to  extinction  or  until  their 
candlepower  had  fallen  below  the  test  requirements  the  average  life 
would  doubtless  have  been  much  longer  than  200  hours. 

The  characteristics  of  the  various  lots  of  bulbs  approved  by  the 
bureau  for  use  with  this  lamp  are  given  in  the  table  following : 

-Characteristics  of  hulha  approved  for  use  with  the  Edison  mine  lamp,  approval 

No.  10, 


Percentage  of  bulbs  lasting  less  than  150  hours  o 

Broadside  candlepower  ^  after  bumins  1  hour  e 

Current  eoDsumption  after  burning  1  hour  (amperes)e 

Feroentage  of  bulj^  that  were  more  than  30  per  cent  below  the  average 

candlepower 

Peroentage  of  bulbs  that  consumed  6  per  cent  more  current  than  the 

average. 


Bulb  symbol. 


2^V. 


Edison 
Blf-10. 


2.0 

0.821 

0.397 

0.0 

2.0 


1.0 

0.668 

0.384 

0.0 

0.0 


National 
BM-10. 


1.0 

0.806 

0.375 

0.0 

0.0 


a  Minimum  test  requirement  for  bulbs  used  with  alkaline-battery  lamps. 
^  Candlepower  met^ured  with  the  fllconent  loop  broadside  to  the  photometer  screen. 
« These  measurements  were  made  at  the  average  voltage  manifested  by  the  lamp  battery  after  it  had 
been  diseharged  for  1  hour. 

The  bulbs  finally  approved  were  much  superior  to  the  bulbs  first 
submitted  for  test,  and  marked  a  distinct  advance  in  the  design  and 
methods  of  manufacture  of  miniature  bulbs  for  mine-lamp  service. 


LIFE  OP  BATTERIES. 

The  manufacturers  of  the  Edison  lamp  guarantee  their  batteries 
for  two  years;  therefore  it  is  manifest  that  the  bureau  could  not 
make  very  searching  tests  with  respect  to  the  life  of  the  lamp  in 
the  compa-ratively  brief  time  that  is  usually  required  to  make  a  com- 
plete investigation  of  a  portable  electric  mine  lamp. 

The  batteries  gave  the  best  of  service  during  nearly  600  hours  of 
actual  discharge  covering  a  period  of  more  than  seven  months.  Re- 
ports from  the  field  covering  more  than  a  year  of  actual  service  of 
these  batteries  indicate  that  the  bureau's  approval  of  battery  life 
was  justified. 

LIFE  OF  CORDS. 

Considerable  trouble  was  experienced  in  obtaining  a  satisfactory 
cord  for  the  Edison  lamp,  and  six  different  types  were  tested  before 
a  cord  of  acceptable  durability  was  found.  Part  of  the  cord  trouble 
was  caused  by  weak  armor,  which  the  manufacturer  has  replaced 
with  armor  of  a  more  suitable  design. 
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MECHANICAL  AND  ELECTRICAL  CHARACTERISTICS. 

The  mechanical  strength  of  tlie  lamp  was  tested  by  diopping  the 
headpiece  15  times  on  a  concrete  floor  from  a  heiglit  of  6  feet.  The 
tests  indicated  that  the  construc- 
tion of  the  headpiece  was  not  sufli- 
ciently  substantial,  and  it  was  re- 
constructed of  heavier  materiiil. 
The  battery  and  the  batlerj- 
casing  were  dropped  10  times 
upon  a  wooden  floor  from  a 
heightof  3feet.  The  equipment 
passed  this  test  satisfactorily. 
In  subsequent  testa  of  other 
lamps  this  test  was  modified  suns 
to  average  tbe  performance  of 
several  batteries,  but  the  severity 
of  the  test  was  not  dimini^ed. 
During  the  tests  and  since  the 
formal  approval  of  the  Uui]) 
numerous  changes  in  constnie- 
tion  were  made  by  the  manu- 
facturers at  the  suggestion  of 
tbe  bureau  engineers  and  as  tlie 
resuli  of  experience  under  serv- 
ice conditions  in  mines.  Tbese 
changes  have  tended  to  increase 
durability,  reliability,  and  the 
convenience  of  operation  and 
mainlenance. 

The  construction  of  the  head- 
piece has  been  made  much  more 
substantial,  tbe  strength  of  the 
battery  casing  has  been  in- 
creased, an  eflicient  means  ha^ 
been  developed  for  clampingthe 
cord  in  the  headpiece  and  batten" 
casing,  and  the  cord  armor  has 
been  made  moi-e  suttstantial.  -V 
more  convenient  lock  has  been 
desijTned  and  the  design  of  the 
FiGCRB  2.— KootioDBi  view  of  upper  part  ot    vent  plugs  has  been  changed  to 

Conoordl.    hand   l.mp,    showing    principle         ^^    jj^^^  reliable    Slid 

of  natety  devices. 

much  easier  to  manipulate. 
As  the  lamp  is  now  constructed  it  is  durable  and  reliable  and  has 
given  satisfactory  service  in  many  mines  where  it  has  been  in  use 
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for  periods  ranging  from  a  few  months  to  nearly  a  year  and  a 
half. 

The  lamp  was  approved  with  recommendations  by  the  bureau 
for  (1)  improvement  in  design  of  the  filling  plug  and  (2)  improve- 
ment in  the  gasket  that  cushions  the  outer  glass  of  the  headpiece. 
The  bureau's  reconimendations  in  respect  to  the  filling  plug  have 
been  adopted. 

MANLITE  LAMP  APFBOVAL  WITHDRAWN. 

Approval  No.  11,  which  was  granted  to  the  Manlite  lamp  made  by 
the  Mannesmann  Light  Company  of  America,  was  rescinded  for 
cause  on  April  23, 1917. 

CONCOBDIA  HAND  LAMP,  APPBOVAL  NO.  12. 

The  first  lamp  submitted  by  the  Concordia  Safety  Lamp  Co.,  of 
Pittsburgh,  Pa.,  is  a  hand  lamp  operated  by  a  single  cell  of  lead 
battery.  The  lamp  weighs  about  5^  pounds,  and  has  a  capacity  of 
about  73  lumen-hours  for  a  12-hour  shift.  It  is  provided  with  a  snap 
lock  operated  by  an  electromagnet.  Detailed  specifications  are  given 
in  Table  1  (p.  44).  The  assembled  equipment  is  shown  in  Plate  X, 
4,  and  its  component  parts  in  Plate  XI. 

The  Concordia  hand  lamp  was  tested  in  accordance  with  the  re- 
quirements of  Schedule  6A  and  after  several  changes  in  construction 
had  been  made  was  approved  on  July  26,  1915,  for  safety  and  for 
practicability  and  efficiency  in  general  service  (approval  No.  12). 

GAS-IGNITION  TESTS. 

The  device  that  is  designed  to  prevent  gas  ignition  is  shown  in 
figure  2.  A  spiral  spring  a  mounted  between  the  bulb  and  the  glass 
dome  that  surrounds  it  presses  the  bulb  firmly  against  its  contacts  h 
and  c,  at  the  same  time  compressing  the  spring  d.  If  either  the  bulb 
or  the  glass  dome  is  broken  the  spring  d  pushes  the  bulb  upward  and 
away  from  the  center  contact  c?,  thus  interrupting  the  circuit.  The 
cflFectiveness  of  this  device  was  tested  in  the  standard  manner  with 
satisfactory  results. 

The  maximum  current  that  could  be  obtained  by  short-circuiting 
the  Concordia  hand  lamp  battery  was  determined  by  the  standard 
test  to  be  about  61.6  amperes,  which  is  a  safe  value  for  batteries  of 
this  type. 

TENDENCY  TO  UNEXPECTED  EXTINCTION. 

The  tendency  to  unexpected  extinction  was  tested  in  the  standard 
way.    The  lamp  proved  satisfactory. 
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SPILLING  or  ELECTROLYTE. 

The  batteries  were  tested  in  the  standard  maimer  except  that,  be- 
cause they  were  used  with  hand  lamps,  they  were  not  giyen  the 
"  shoveling  test,"  but  instead  were  placed  on  their  sides  during  the 
interval  usually  devoted  to  shoveling.  The  batteries  passed  these  tests 
without  spilling  a  drop  of  electrolyte. 

LIGHT-PRODUCING  CAPACmT. 
AMOUNT  OF  LIGHT. 

Only  one  type  of  bulb  (symbol  Osram  08510)  was  tested  in  connec- 
tion with  the  Concordia  hand  lamp.  The  amount  of  light  produced 
is  shown  in  the  table  following : 

Amount  of  light  produced  by  the  Concordia  hand  lamp,  approtnU  No.  12. 

Average  candlepower  after  burning  1  hour 0. 74 

Average  candlepower  after  burning  12  hours 0. 57 

Total  lumens  after  burning  1  hour 6.92 

Total  lumens  after  burning  12  hours 5. 36 

DISTBIBUTION  OF  LIGHT. 

The  Concordia  hand  lamp  does  not  use  a  reflector.  The  Bureau  of 
Mines  does  not  investigate  the  distribution  of  light  frcmi  lamps  not 
provided  with  a  reflector. 

TIME  OF  BUBNING. 

The  standard  tests  showed  that  the  lamp  would  bum,  on  an  aver- 
age, about  17  hours  on  one  charge  of  battery  before  the  average 
candlepower  of  the  light  stream  fell  below  0.4  (the  minimum  test 
requirement  of  the  bureau). 

BULB  CHARACTERISTICS. 

The  first  lot  of  1,000  bulbs  submitted  in  connection  with  this  lamp 
met  the  test  requirements.  These  bulbs  were  identified  by  the  symbol 
Osram  08510  and  were  made  by  the  Auergesellschaft,  of  Berlin,  Ger- 
many. This  lot  of  bulbs  burned  in  the  standard  test  for  more  than 
300  hours  (the  minimum  test  requirement  for  bulbs  used  with  lead 
battery),  and  undoubtedly  would  have  averaged  much  more  than 
this  figure  if  the  bulbs  had  been  burned  to  extinction  or  until  their 
candlepower  had  fallen  below  the  test  requirement. 

The  table  following  gives  the  characteristics  of  the  Osram  08510 
bulbs : 
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Characteristics  of  Osram  08510  bulbs  for  Concordia  hand  lamp. 

Percentage  of  bulbs  lasting  less  than  250  hours  <» 0. 0 

Broadside  candlepower  ^  after  burning  one  hour  *^ 0. 996 

Current  consumption  after  burning  one  hour,*^  amperes 0. 862 

Percentage  of  bulbs  that  consumed  6  per  cent  more  current 

than  the  average- 0.0 

Percentage  of  bulbs  that  were  more  than  30  per  cent  below 

the  average  candlepower 0.0 

LIFE  OF  BATTERIES. 

The  Concordia  hand-lamp  battery  as  first  submitted  for  test  did 
not  meet  requirements  and  the  manufacturers  remodeled  it  in  ac- 
cordance with  the  suggestions  of  the  Bureau  of  Mines  engineers. 
After  the  battery  had  been  remodelled  it  was  retested  and  those 
tested  gave  excellent  service  during  the  comparatively  brief  time  they 
were  on  test  and  gave  no  evidence  of  early  deterioration. 

MECHANICAL  AND  ELECTRICAL  CHARACTERISTICS. 

The  mechanical  strength  of  the  Concordia  hand  lamp  was  tested 
in  the  standard  way.  The  batteries  failed  to  pass  the  first  series  of 
tests  on  account  of  faulty  construction,  but  a  set  of  properly  con- 
structed batteries  passed  the  subsequent  tests. 

Few  changes  in  construction  were  made  in  this  lamp,  as  it  came 
to  the  bureau  thoroughly  developed.  The  principal  change  was  the 
introduction  of  a  hard-rubber  separator  between  the  positive  and 
negative  plates  of  the  battery  and  the  substitution  of  a  molded  com- 
pound base  for  the  mounting  of  the  contacts  in  the  top  half  of  the 
lamp. 

The  lamp  in  the  form  that  was  approved  is  durable  and  reliable. 
It  was  approved  with  recommendations  by  the  Bureau  of  Mines  for 

(1)  the  exercise  of  greater  care  in  the  sealing  of  battery  jars,  and 

(2)  the  use  of  a  tougher  material  for  the  base  for  mounting  the  con- 
tacts in  the  upper  part.  The  writer  has  not  been  advised  that  these 
recommendations  have  been  adopted. 

aENEKAL  ELEGTBIG  LAMP,  AFFBOVALS  NOS.  13  AND  13A. 

The  lamp  submitted  by  the  General  Electric  Co.,  of  Schenectady, 
N.  Y.,  is  a  cap  lamp  operated  by  a  single  cell  of  lead  battery.  Two 
forms  of  this  type  of  lamp  were  submitted.  The  Form  C  lamp  had 
a  sheet  steel  casing  and  the  Form  D  lamp  has  a  cast  aluminum 

■  The  minimum  test  requirement  for  bulbs  used  with  a  lead-battery  lamp. 
*  Candlepower  measured  with  the  filament  loop  broadside  to  the  photometer  screen. 
*■  These  measurements  wore  made  at  the  average  voltage  manifested  by  the  lamp  bat- 
tery after  It  had  been  discharging  for  one  hour. 


80 


APPBOVED  ELEGTBIC   LAMPS  FOB  MIKBBS. 


casing;  in  all  other  details  they  were  identical.  The  Form  C  lamp 
weighs  4.41  pounds  and  the  Form  D  lamp  weighs  4.74  pomids.  Both 
have  a  capacity  of  36.6  lumen-hours  for  a  12-hour  shift,  and  each 
is  provided  with  a  snap  lock  opened  with  a  key.  Detailed  specifica- 
tions of  the  lamps  are  given  in  Table  1.  The  assembled  equipment 
and  the  component  parts  of  the  Form  C  lamp  are  shown  in  Plates 
XII,  Ay  and  XIII,  and  those  of  the  Form  D  lamp  are  shown  in 
Plates  XII,  B,  and  XIV. 

Each  of  the  two  forms  of  this  lamp  was  tested,  and  after  several 
changes  in  construction  had  been  made  both  forms  were  approved 


Fi<3URB  3. — Headpiece  of  General  Electric  lamp,  aide  view. 

by  the  Bureau  of  Mines  on  July  11,  191G,  for  safety  and  for  prac- 
ticability and  efficiency  in  general  service  (approvals  Nos.  13  and 
13A). 

GAS-IGNmON   TESTS. 

The  device  that  is  designed  to  prevent  gas  ignition  is  shown  in 
figures  3  and  4.  The  bulb  h  has  a  contact  at  each  end  and  is  held  in 
position  l)etween  the  two  springs  aa.  When  the  bulb  is  broken  it 
falls  out  of  contact  with  these  springs  if  the  force  of  the  blow  has 
not  already  thrown  the  bulb  out  of  contact  before  breaking  it  "^^ 
circuit  is  thus  interrupted  and  the  lamp  extinguished. 
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The  effectiveness  of  this  device  was  tested  in  the  standard  manner 
on  three  occasions.  The  first  two  series  of  tests  developed  the  neces- 
sity for  changes  in  the  bulb  and  contact  springs,  and  after  these 
were  made  the  tests  were  repeated  with  satisfactory  results. 

The  maximum  current  that  could  be  obtained  by  short-circuiting 
the  battery  provided  with  this  lamp  was  determined  by  the  standard 
tests  to  be  about  73.8  amperes,  which  is  a  safe  value  for  batteries  of 
this  type. 

TENDENCY  TO  UNEXPECTED  EXTINCTION. 

Tests  of  the  tendency  to  unexpected  extinction,  made  in  the  stand- 
ard way,  showed  that  the  bulb  was  thrown  out  of  contact  with  the 


FiGUBB  4. — Cross  section  of  headpiece  of  General  Electric  lamp.    Section  at  right  angles 

to  view  shown  In  figure  3. 

contact  springs  rather  too  easily,  and  the  manufacturers  were  ad- 
vised to  remedy  this  by  making  the  springs  stiffer. 

SPILLING   OF  ELECTROLYTE. 

The  batteries  passed  the  standard  tests  without  spilling  a  drop  of 
electrolyte.  Several  different  designs  of  spilling  plugs  were  tested 
before  a  satisfactory  one  was  developed. 

LIGHT-PRODUCING  CAPACITr. 
AMOUNT  OF  LIGHT. 

Three  lots  of  1,000  bulbs  each  were  submitted  in  connection  with 
the  lamp  before  a  satisfactory  bulb  (symbol  BM-13)  was  obtained. 
The  amount  of  light  produced  is  shown  in  the  table  following. 

77002*— 17 3 
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Amount  of  light  produced  by  the  Oeneral  Electric  lamp,  approvals  N09.  IS 

and  ISA, 

Arerage  candlepower  aft^  buming  1  boor 1.0 

Average  candlepower  after  burning  12  boors 0.08 

Total  lumens  after  burning  1  bour ,  3.68 

Total  lumens  after  burning  12  bours 2.47 

DISTBIBTJnON  OT  LIGHT. 

The  distribution  of  light  from  the  headpiece  of  this  lamp,  using  a 
detachable  porcelain  enamel  reflector,  was  considered  satisfactory. 

TIME  OF  BT7BNIN0. 

It  was  determined  by  the  standard  tests  that  the  lamp  would  bum 
on  an  average  of  about  14^  hours  on  one  charge  of  battery  before 
the  battery  voltage  fell  below  the  minimum  value  recommended  by 
the  manufacturers. 

BULB  GHABACTERISTICS. 

The  bulbs  approved  by  the  Bureau  of  Mines  for  use  with  this 
lamp  were  made  by  the  Edison  Lamp  Works  of  the  General  Electric 
Co.,  at  Harrison,  N.  J.,  and  are  identified  by  the  symbol  BM-13. 
These  bulbs  burned  in  the  standard  tests  for  more  than  300  hours 
(the  minimum  test  requirement  for  bulbs  used  with  a  lead  battery) 
and  would  undoubtedly  have  averaged  much  more  than  this  figure  if 
the  bulbs  had  been  burned  to  extinction,  or  until  their  candlepower 
had  fallen  below  the  test  requirements. 

The  table  following  gives  the  characteristics  of  the  BM-13  bulbs: 

Characteristics  of  the  BM-IS  bulbs  for  the  General  Electric  lamp. 

Percentage  of  bulbs  lasting  less  tban  260  boors^ 6. 0 

Broadside  candlepower*  after  buming  one  hour* 0.  TOT 

Current  consumption  after  buming  one  bour,^'  amperes L_  0.  O07 

Percentage  of  bulbs  that  consumed  6  per  cent  more  current 

than  the  average 0.0 

Percentage  of  bulbs  that  were  more  than  80  per  cent  below 

the  average  candlepower 0.0 

LIFE  OF  BATTEimiSB. 

The  batteries  gave  excellent  service  during  the  comparatively  brief 
time  that  they  were  on  test  at  the  laboratory  and  showed  no  evidence 
of  early  deterioration. 

•  The  minlmiiin  test  requirement  for  bulbs  used  with  a  lead-battery  lamp. 

*  Candlepower  measured  with  the  filament  loop  broadside  to  the  photometer  screen. 

«  These  measurements  were  made  at  the  average  voltage  manifested  by  the  lamp  bit- 
tcry  after  it  had  been  discharging  for  one  hour. 
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UFE  OF  COBD6. 

Four  different  types  of  cord  were  tested  before  a  cord  of  accept- 
able durability  lyas  found.  This  cord  gave  satisfactory  results  in 
the  tests,  but  since  then  the  bureau's  researches  have  developed  a  cord 
that  is  much  more  durable  and  the  bureau  lias  recommended  to  the 
manufacturer  that  a  cord  of  this  type  be  substituted  for  the  one  origi- 
nally approved  with  the  lamp. 

.  MECHANICAL  AND  ELECTRICAL  CHARACrERISTIOS. 

The  mechanical  strength  of  both  forms  of  the  lamp  was  tested  in 
the  standard  way  and  passed  the  tests.  A  number  of  changes  in 
construction  were  made  at  the  suggestion  of  the  bureau  engineers 
during  the  time  that  the  lamp  was  under  test. 

These  changes  include  the  incorporation  of  a  safety  device,  im- 
provements in  the  characteristics  of  the  bulbs  and  in  the  device  to 
prevent  spilling,  introduction  of  cord  clamps,  and  improvements  in 
the  distribution  of  light,  in  the  character  of  cord  and  cord  armor,  and 
in  the  strength  of  the  battery  jar  and  the  character  and  durability 
of  the  lock. 

The  lamp  in  both  the  forms  that  were  approved  is  durable  and 
reliable.  They  were  approved  with  recommendations  by  the  Bureau 
of  Mines  for  (1)  the  substitution  of  a  more  durable  cord,  (2)  intro- 
duction of  stiffer  contact  springs  for  both  battery  and  bulb,  (3)  im- 
provement in  the  design  and  construction  of  the  cord  clamp,  and  (4) 
improvement  in  the  character  of  the  rubber  gasket  used  to  make  the 
headpiece  dust-tight.  The  aluminum-casing  lamp  was  approved 
with  a  reconmiendation  that  the  yoke  over  the  hinge  slot  in  the  bat- 
tery casing  be  strengthened.  The  manufacturer  has  taken  these  sug- 
gestions under  consideration. 

WICO  LAMP,  APFBOVAL  NO.  14. 

The  Wico  lamp,  submitted  by  the  Witherbee  Igniter  Co.,  of 
Springfield,  Mass.,  is  a  cap  lamp  operated  by  a  single  cell  of  lead 
battery.  The  lamp  weighs  about  4^  pounds  and  has  a  capacity  of 
about  35.2  lumen-hours  for  a  12-hour  shift.  It  is  provided  with  a 
snap  lock  opened  with  a  key.  A  detailed  description  of  the  lamp  is 
given  in  Table  1  (p.  44).  The  assembled  equipment  is  shown  in 
Plate  X,  B,  and  its  component  parts  are  shown  in  Plate  XV. 

The  lamp  was  tested  in  accordance  with  the  requirements  of  Sched- 
ule 6A  and  after  numerous  changes  in  construction  had  been  made 
was  approved  by  the  Bureau  of  Mines  on  June  10,  1916,  for  safety 
and  for  practicability  and  efficiency  in  general  service  (approval 
No.  14). 


84  APFBOVED  ELECTBIC   LAMPS  FOB  HINBBSb 

QAS-IONinON    TESTS. 

The  device  that  is  designed  to  prermt  gas  ignition  is  shown  in 
figure  5.  The  lamp  bulb  b  is  held  in  its  socket  c  by  a  wire  stirrup  a 
against  the  pressure  of  .spring  contacts  d  within  the  socket  that  act 
to  eject  the  bulb  if  the  stirrup  be  removed  or  the  bulb  broken.  It  was 
necessary  to  modify  several  times  the  device  originally  submitted 
before  it  was  satisfactory. 


FiacBE  E>. — Secllonal  view  of  beadplece  o(  WIco  lamp.  abowlnK  prtndple  ot  Mifetr  derlct*- 

The  maximum  current  that  could  be  obtained  by  short-circuiting 
the  lamp  was  determined  by  the  standard  test  to  be  about  81  amperes, 
which  is  a  safe  value  for  batteries  of  this  type. 

TENDENCY  TO  DNEXPECTBD  EXTINCTION. 

The  tendency  to  unexpected  extinction  was  tested  in  the  standard 
way  and  the  lamp  was  found  to  be  satisfactory  in  this  respect 

SPILLINO  or  BI-ECrROLTrB. 

The  batteries  passed  the  standard  test  without  spilling  a  drop  of 
electrolyte. 
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XJGHT-FBODUCING   GAFACITir. 
AMOUNT   OF   LIGHT. 

Only  one  type  of  bulb  (symbol  BM~14)  was  approved  in  connec- 
tion with  the  Wico  lamp.  The  amount  of  light  produced  is  shown 
in  the  table  following: 

Amount  of  light  produced  by  the  Wico  lamp,  approval  No.  H. 

Ayerage  candlepower  after  burning  1  hour 0.03 

Average  candlepower  after  burning  12  hours 0.60 

Total  lumens  after  burning  1  hour 3. 87 

Total  lumens  after  burning  12  hours 2. 50 

DISTRIBUTION    OF  LIGHT. 

The  distribution  of  light  from  the  headpiece  first  submitted  with 
the  lamp  was  not  sufficiently  uniform  to  meet  the  test  requirements. 
The  manufacturers,  therefore,  experimented  until  a  satisfactory  re- 
flector was  obtained.  This  reflector  is  made  from  sheet  aluminum 
treated  with  a  solution  of  caustic  soda  and  is  detachable.  The  dis- 
tribution of  light  from  it  was  measured  in  the  standard  way  and 
was  found  to  meet  the  test  requirements  satisfactorily. 

TIME   OF    BUBNINO. 

It  was  determined  by  the  standard  tests  that  the  lamp  would  burn 
on  an  average  about  17  hours  on  one  charge  of  battery  before  the 
battery  voltage  fell  below  the  minimum  value  recommended  by  the 
manufacturers. 

BULB  CHARACTERISTICS. 

Five  lots  of  different  bulbs  (of  1,000  bulbs  each)  were  submitted 
for  test  in  connection  with  the  lamp.  One  lot,  made  by  the  Edison 
Lamp  Works  of  the  General  Electric  Co.,  at  Harrison,  N.  J.,  was 
approved  and  the  symbol  BM-14  was  assigned  to  these  bulbs.  This 
lot  of  bulbs  burned  in  the  standard  tests  for  more  than  300  hours 
(the  minimum  test  requirement  for  bulbs  used  with  lead  battery)  and 
undoubtedly  would  have  averaged  more  than  that  figure  if  the  bulbs 
had  been  burned  to  extinction  or  until  their  candlepower  had  fallen 
below  the  test  requirements.  The  table  following  gives  the  charac- 
teristics of  the  BM-14  bulbs. 
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Char€u:teristics  of  BM-H  bulbs  made  for  the  Wico  lamp. 

Percentage  of  bulbs  lasting  less  than  250  boors,* 5.0 

Broadside  candlepower  *  after  burning  1  hour  ^ 0. 580 

Current  consumption  after  'burning  1  hour,^  amperes 0. 528 

Percentage  of  bulbs  that  consumed  6  per  cent  more  current 

than  the  average 0.0 

Percentage  of  bulbs  that  were  more  than  80  per  cent  below 

the  average  candle  power 0.0 

LIFE  OF  BATTERIES. 

The  Wico  lamp  batteries  gave  the  best  of  service  during  the  com- 
paratively brief  time  that  they  were  on  test  and  gave  no  evidence 
whatever  of  early  deterioration. 

LIFE  OF  CORDS. 

The  cord  submitted  with  the  lamp  gave  good  results,  but  before 
the  tests  of'  the  lamp  were  completed  cords  had  been  developed  that 
gave  much  better  results,  and  the  bureau  engineers  recommended  to 
the  manufacturer  that  one  of  several  cords  be  substituted  for  the  one 
originally  submitted  with  the  lamp. 

MECHANICAL  AND  ELECTRICAL  CHARACTERISTICS. 

The  mechanical  strength  of  the  lamp,  as  determined  by  the  stand- 
ard tests,  proved  satisfactory.  During  the  tests  a  number  of  changes 
in  construction  were  made  by  the  manufacturers  at  the  bureau's  sug- 
gestion, as  follows: 

A  safety  device  was  added  to  the  headpiece. 

The  construction  of  the  headpiece  was  simplified  and  made  dust 
tight  with  an  improved  ring  for  retaining  the  outer  glass. 

The  character  of  the  cord  armor  and  the  location  of  the  cord 
clamp  was  improved. 

The  design  and  constiuiction  of  the  battery  contact  springs  and  the 
general  arrangement  of  parts  in  the  cover  of  the  battery  casing  were 
improved. 

A  self-contained  snap  lock  was  substituted  for  the  detachable  pad- 
lock for  locking  the  battery  casing. 

The  efficiency  of  the  reflector  and  the  distribution  of  light  from  it 
were  improved. 

The  lamp  in  the  form  approved  is  durable  and  reliable,  and  was 
approved  with  a  recommendation  by  the  Bureau  of  Mines  that  the 

•  The  ^nlnimum  test  requirement  for  balbs  used  with  a  lead-battery  lamp. 

•  Candlepower  measured  with  the  filament  loop  broadside  to  the  photometer  screen. 

•  These  measurements  were  made  at  the  average  voltage  manifested  by  the  lamp  bat- 
tery after  it  had  been  discharging  for  one  hour. 


LAMPS  APPROVED  AND  DESCBIPTION   OF  TE8TB.  37 

tight-producing  capacity  of  the  bulbs  be  increased  if  this  modificfttion 
could  be  made  without  shortening  the  life  of  the  bulbs  below  the 
bureau's  requirements.  The  bureau  also  recommended  that  a  more 
durable  cord  be  adopted. 

CONCOBDIA  CAP  IlUCF,  APPBOVAI.  NO.  IS. 

The  cap  lamp  submitted  by  the  Concordia  Safety  Lamp  Co.,  of 
Pitt^ur^,  Pa.,  is  operated  by  a  single  cell  of  lead  battery.  The 
lamp  weighs  4.15  pounds,  and  has  a  capacity  of  38.4  lumen-hours  for 
a  12-hour  ^ift.  It  is  provided  with  a  snap  lock  operated  by  an 
electromagnet.  Detailed  specifications  of  the  lamp  are  given  in 
Table  1.  The  assembled  equipment  is  shown  in  Plate  XVI,  A,  and 
its  component  parts  are  E^own  in  Plate  XVII,  A, 


The  Concordia  cap  lamp  was  tested  in  accordance  vtiih  the  re- 
qoirements  of  Schedule  6A  and  after  several  changes  in  construction 
had  been  made  was  approved  on  June  17,  1916,  for  safety  and  for 
practicability  and  efficiency  in  general  service  (approval  No.  16). 

QA9-IONmON  TESTS. 

The  device  that  is  designed  to  prevent  gas  ignition  is  shown  in 
figure  6.  The  outer  glass  a  holds  the  bulb  in  position  against  the 
force  of  the  spiral  spring  b,  which  forms  one  contact  of  the  bulb,  the 
other  contact  being  formed  by  the  spiral  spring  c.  If  either  the  bulb 
or  the  outer  glass  is  broken  the  spring  b  pushes  the  bulb  outward  and 
away  from  the  center  contact  c,  the  spring  of  which  has  less  travel 
than  the  spring  b.  The  circuit  is  thus  interrupted  and  the  lamp 
extinguished. 
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The  effectiveness  of  this  device  was  tested  in  the  standard  manner 
three  times.  The  first  two  series  of  tests  developed  the  fact  tiiat  the 
action  of  the  saiety  devices  was  not  sufficiently  protected  from  out- 
side interference.  The  manufacturers  finally  reconstructed  the  head- 
piece so  that  it  passed  the  tests  satisfactorily. 

The  maximum  current  that  could  be  obtained  by  short-circuiting 
the  Concordia  cap-lamp  battery  was  determined  by  the  standard 
test  to  be  about  110  amperes,  which  is  a  safe  value  for  batteries  of 
this  type. 

TENDENCY  TO  UNEXPECTED  EXTINCTION. 

The  tendency  to  unexpected  extinction  was  tested  in  the  standard 
way ;  the  lamp  proved  satisfactory  in  this  respect 

8PIIJ.INO  OP  ELECTROLYTE. 

The  batteries  passed  the  standard  test  without  spilling  a  drop  of 
electrolyte. 

LIGHT-PRODUCING  CAPACITY. 
AMOUNT  OF  LIGHT. 

Only  one  type  of  bulb  (symbol  BM-16)  was  tested  in  ccmnectioo 
with  the  Concordia  cap  lamp.  The  amount  of  light  produced  is 
shown  in  the  table  following: 

Amount  of  light  produced  by  the  Concordia  cap  lamp,  approval  No.  15. 

Average  candlepower  after  burning  1  hour 1.05 

Average  candlepower  after  burning  12  hours 0.72 

Total  lumens  after  burning  1  hour '. 3.80 

Total  lumens  after  burning  12  hours 2.00 

DISTRIBUTION  OF  LIGHT. 

The  distribution  of  light  from  the  Concordia  cap  lamp  more  than 
met  the  test  requirements.  The  reflector  of  the  headpiece  is  de- 
tachable and  is  covered  with  "  cleanezy  "  finish. 

TIME  OF  BURNING. 

It  was  determined  by  the  standard  tests  that  the  lamp  would  bum 
on  the  average  about  15^  hours  on  one  charge  of  battery  before  the 
battery  voltage  fell  below  the  minimum  value  reconmiended  by  the 
manufacturers. 

BTJIiB  CHARACTERISTICS. 

The  first  lot  of  1,000  bulbs  submitted  in  connection  with  the  lamp 
met  the  test  reauirements.    These  bulbs  were  identified  by  the  symbol 
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BM'15  and  were  made  by  the  National  Lamp  Works  of  the  General 
Electric  Co.,  Cleveland,  Ohio.  This  lot  of  bulbs  burned  in  the  stand- 
ard  tests  for  more  than  300  hours  (the  minimum  test  requirement 
for  bulbs  used  with  lead  battery)  and  undoubtedly  would  have  aver- 
aged much  more  than  this  figure  if  the  bulbs  had  been  burned  to  ex- 
tinction or  until  their  candlepower  had  fallen  below  the  test  require- 
ments. The  table  following  gives  the  characteristics  of  the  BM-15 
bulbs : 

Characteri8ti€8  of  BM^tS  hulba  for  the  Concordia  cap  lamp. 

Percentage  of  bulbs  lasting  less. than  250  hours « 2.0 

Broadside  candlepower  *  after  burning  one  hour  ^ 0.  716 

Current  consumption  after  burning  one  hour,^  ami)ere8 0.  805 

Percentage  of  bulbs  that  consumed  6  per  cent  more  current 

than  the  average 1.0 

Percentage  of  bulbs  that  were  more  than  30  per  cent  below 

the  average  candlepower 2.0 

LIFE  OF  BATTERIES. 

The  Concordia  cap  lamp  batteries  gave  excellent  service  during 
the  comparatively  brief  time  that  they  were  on  test  and  gave  no 
evidence  of  early  deterioration. 

UFE  OF  CORDS. 

The  first  cord  submitted  with  the  lamp  did  not  give  satisfactory 
service  in  test  and  the  manufacturer  adopted  as  standard  a  cord 
that  had  given  good  service  during  the  bureau's  research  to  develop 
a  satisfactory  mine-lamp  cord. 

MECHANICAL    AND    ELECTRICAL    CHARACTERISTICS. 

The  mechanical  strength  of  the  lamp  passed  the  standard  tests. 
A  number  of  changes  in  construction  were  made  in  the  lamp  at  the 
suggestion  of  the  bureau  during  the  time  that  it  was  under  investi- 
gation. These  changes  included  improvements  in  the  design  of  the 
cord  clamp  in  the  battery  casing  and  the  headpiece,  and  in  the  de- 
sign of  cord  armor;  better  protection  of  the  moving  parts  of  the 
safety  device;  thicker  headpiece  shell  and  thicker  bulb  glass;  more 
reliable  locking  mechanism;  simpler  construction  of  the  contacts 
mounted  in  the  cover  of  the  battery  casing. 

The  lamp  in  the  form  that  was  approved  is  durable  and  reliable. 
It  was  approved  with  recommendations  by  the  Bureau  of  Mines  for 

«  The  minlmixiii  test  reqalrement  for  bulbs  used  with  a  lead^battery  lamp. 
*  Candlepower  measured  with  the  filament  loop  broadside  to  the  photometer  screen. 
'These  measurements  were  made  at  the  average  voltage  manifested  by  the  lamp  bat- 
tery after  It  had  been  discharging  for  one  hour. 
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(1)  improrement  in  the  character  of  the  lamp  cord,  (2)  the  use  of  a 
cast  aluminum  casing  instead  of  a  sheet-metal  casing,  and  (3)  the 
development  of  bulbs  that  will  give  more  light  and  still  meet  the 
bureau's  requirements  in  regard  to  life  of  bulbs. 

The  writer  has  not  been  advised  that  these  recommendations  have 
been  adopted. 

PIOKEEB  LAKP,  AFPBOVAL  NO.  16. 

The  Pioneer  lamp,  which  was  submitted  by  the  Hirsch  Electric 
Mine  Lamp  Co.,  of  Philadelphia,  Pa.,  is  a  cap  lamp  operated  by  a 
single  cell  of  lead  battery.  The  lamp  weighs  4J  pounds,  and  has  a 
capacity  of  about  41.6  lumen-hours  for  a  12-hour  sbiit.  It  is  pro- 
vided with  a  screw-bolt  lock  operated  by  a  spring  wrench.  Detailed 
specifications  of  the  lamp  are  given  in  Table  1.  The  assembled  equip- 
ment is  shown  in  Plate  XYI,  By  and  its  component  parts  are  shown 
in  Plate  XVII,  B.  The  lamp  was. tested  in  accordance  with  the 
requirements  of  Schedule  6A,  and  after  numerous  changes  in  con- 
struction had  been  made  was  approved  on  July  21,  1916,  for  safety 
and  for  practicability  and  efficiency  in  general  service  (approval 
No.  16). 

GAS-IGNmON  TESTS. 

The  devices  that  are  designed  to  prevent  gas  ignition  are  shown 
in  figure  7.  They  consist  of  an  open-circuiting  device  that  protects 
the  bulbs  against  blows  from  the  front,  and  a  ^ort-circuiting  device 
that  protects  the  bulbs  against  blows  from  the  side.  The  open- 
circuiting  device  is  operated  by  breaking  a  slip  of  window  glass,  a, 
which  is  mounted  directly  across  the  inner  surface  of  the  outer 
glass,  b.  The  breaking  of  this  slip  of  glass  releases  a  spring,  c,  that 
interrupts  the  electric  circuit  of  the  lamp.  The  diort-circuiting  of 
the  bulb  is  accomplished  as  follows :  The  headpiece  is  made  up  of 
three  concentric  shells,  <f,  «,  and  /,  separated  by  a  narrow  space. 
The  outer  and  inner  shell  are  connected  to  the  positive  pole  of  the 
battery,  and  the  intermediate  shell  is  connected  to  the  negative  pole. 
These  shells  completely  surround  the  bulb,  and  the  theory  of  the 
safety  device  is  that  the  bulb  can  not  be  broken  without  so  jam- 
ming these  shells  together  that  they  will  short-circuit  the  bulb  and 
thus  extinguish  the  filament  before  it  can  ignite  gas. 

The  effectiveness  of  these  devices  was  tested  in  the  standard  way, 
and  they  were  found  to  operate  satisfactorily. 

The  maximum  current  that  could  be  obtained  by  short-circuiting 
the  Pioneer  lamp  battery  was  determined  by  the  standard  test  to  be 
95.8  amperes,  which  is  a  safe  value  for  batteries  of  this  type. 
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TENDENCY  TO  UNEXPECTED  EXTINCTION. 

• 

The  tendency  to  unexpected  extinction  was  tested  in  the  standard 
way,  and  the  lamp  was  found  to  be  fairly  satisfactory  in  this  re- 
spect, although  the  bureau  has  reconunended  that  the  reliability  of 
the  lamp  be  increased  by  eliminating  the  circuit  breaker  from  the 
headpiece  and  substituting  an  equally  satisfactory  safety  device. 

SPIIiUNO  OF  ELBCTBOLTTE. 

The  batteries  passed  the  standard  tests  without  spilling  a  drop 
of  electrolyte. 


FiGUBS  7. — Sectional  yiew  of  headpiece  of  Pioneer  lamp,  ohowing  principle  of  eafety 

devices. 

liGHT-PEODUCINO  CAPACITT. 


AMOUNT  OF  UGHT. 

Six  lots  of  1,000  bulbs  each  were  submitted  in  connection  with  the 
Pioneer  lamp  before  a  satisfactory  bulb  (BM~16}  was  obtained.  The 
amount  of  light  produced  is  shown  in  the  table  following: 

Amount  of  light  produced  by  the  Pioneer  lamp,  approval  No,  16. 

Average  candlepower  after  burning  1  hour 1. 13 

Average  candlepower  after  burning  12  hours 0.  78 

Total  lumens  after  burning  1  hour 4. 10 

Total  lumens  after  burning  12  hours 2. 83 
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DISTBIBtrnON  OF  LIGHT. 


The  distribution  of  light  from  the  headpiece  of  the  Pioneer  lamp 
using  a  reflector  of  sheet  aluminum  treated  with  a  solution  of  caustic 
soda  met  the  test  requirements. 


TTICE  OF  BUBNINO. 

The  standard  tests  showed  that  the  lamp  will  bum  on  an  average 
16J  hours  on  one  cliarge  of  battery  before  the  battery  voltage  falls 
below  the  minimum  value  recommended  by  the  manufacturer. 

BTTLB  CHARACTERISTICS. 

The  bulbs  approved  by  the  Bureau  of  Mines  for  use  with  this  lamp 
were  made  by  the  Edison  Lamp  Works  of  the  Greneral  Electric  Ca, 
at  Harrison,  N.  J.,  and  are  identified  by  the  symbol  BM-16.  These 
bulbs  burned  in  the  standard  tests  for  more  than  300  hoars  (the 
minimum  test  requirements  for  bulbs  used  with  lead  battery),  and 
would  undoubtedly  have  averaged  much  more  than  this  figure  if  the 
bulbs  had  been  burned  to  extinction  or  until  their  candlepower  had 
fallen  below  the  test  requirements. 

The  table  following  gives  the  characteristics  of  the  BM-16  bulbs: 

Characteristics  of  the  BM-16  btdbs  far  the  Pioneer  lamp. 

Percentage  of  bulbs  lasting  less  than  250  hours  « 2. 00 

Broadside  candlepower  *  after  burning  one  hour  ^ 0. 752 

Current  consumption  after  burning  one  hour,<^  amperes 0. 60 

Percentage  of  bulbs  that  consumed  6  per  cent  more  current 

than  the  average 0. 0 

Percentage  of  bulbs  that  were  more  than  30  per  cent  below 

the  average  candlepower 1,0 

LIFE  OF   BATTERIES. 

The  Pioneer  lamp  batteries  gave  excellent  service  during  the  com- 
paratively brief  time  that  they  were  on  test  and  showed  no  signs  of 
early  deterioration. 

LIFE  OF  CORDS. 

The  Pioneer  lamp  uses  the  best  cord  that  was  developed  during 
the  research  to  improve  the  character  of  mine-lamp  cords.  This  cord 
is  of  exceptional  durability. 

MECHANICAL  AND  ELECTRICAL  CHARACTERISTICS. 

The  mechanical  strength  of  the  lamp  passed  the  standard  tests. 
Numerous  changes  in  construction  were  made  in  the  lamp  at  the 

•The  minimum  test  requirement  for  bulbs  used  with  a  lead-battery  lamp. 
*  Candlepower  measured  with  the  filament  loop  broadside  to  the  photometer  8cre»i. 
'  These  measurements  were  made  at  the  average  voltage  manifested  by  the  lamp  battr^ry 
after  it  had  been  discharging  for  one  hour. 
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suggestion  of  the  bureau  during  the  time  that  it  was  under  investi- 
gation. Improvements  were  made  in  the  character  of  the  safety 
device,  battery,  and  bulbs,  in  the  mechanical  strength  of  the  casing 
and  the  battery  jar,  in  the  character  of  the  cord  and  armor,  and  in 
the  distribution  of  light. 

The  lamp  that  was  approved  is  durable  and  sufficiently  reliable. 
It  was  approved  with  a  recommendation  that  the  safety  device  be  so 
redesigned  that  it  will  not  require  the  use  of  the  circuit  breaker  in 
its  present  form. 

SUHMABT  OF  BESTTLTS  OF  TESTS. 

The  characteristics  of  the  various  approved  electric  miner's  lamps 
are  summarized  in  Table  1. 

The  approved  lamps  are  considered  safe,  practicable,  and  efficient 
for  general  service  in  mines.  All  passed  the  safety  tests  satisfac- 
torily and  in  general  they  are  durable  and  well  constructed.  The 
batteries  require  intelligent  care  but  not  so  much,  or  of  such  a  highly 
specialized  nature,  as  to  be  a  burden  to  the  mine  operator.  If  the 
instructions  issued  by  the  lamp  manufacturers  are  followed  the  bat- 
teries should  render  good  service  with  a  reasonable  amount  of  at- 
tention and  at  a  reasonable  cost  for  labor  and  supplies. 

All  the  lamps  give  more  light  than  a  safety  lamp  and  distribute 
the  light  better.  The  lamps  are  reliable  in  operation  and  in  general 
are  easy  to  repair.  The  life  of  the  batteries  and  the  bulbs  promises 
to  be  reasonably  long,  and  the  bulbs  that  have  l)een  approved  are 
exceptionally  uniform  in  their  characteristics. 

In  short  all  of  these  lamps  have  all  the  qualifications  set  forth  on 
pages  10  and  11  as  essential  for  a  safe  and  practical  electric  mine 
lamp. 

Nearly  all  the  lamps  can  be  improved  in  some  minor  respects,  and 
these  improvements  no  doubt  will  be  made  as  soon  as  the  need 
becomes  sufficiently  manifest. 

The  trend  of  development  will  probably  be  toward  producing  a 
greater  amount  of  light  and  refining  the  various  parts  of  the  equip- 
ment. Undoubtedly  the  lamps  will  be  made  simpler  and  still  more 
reliable  and  efficient,  although  it  is  not  probable  that  their  weight 
will  be  materially  reduced  until  there  is  some  radical  improvement 
in  the  design  of  storage-battery  cells  or  of  incandescent  bulbs. 

The  rapidity  with  which  mine  operators  have  adopted  the  ap- 
proved portable  electric  lamps  has  been  most  gratifying.  The  first 
lamp  was  approved  in  February,  1915,  and  in  August,  1916,  about 
70,000  approved  lamps  were  in  use  in  the  mines  of  this  country,  and 
more  lamps  were  being  installed  at  the  rate  of  about  2,000  a  week. 

Safety  in  mines  should  be  decidedly  increased  by  this  widespread 
substitution  of  the  electric  lamp  for  the  flame  lamp. 
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ELECTBIC  MINE  LAMPS. 

The  procedure  of  the  Bureau  of  Mines  in  making  tests  to  establish 
a  list  of  permissible  portable  electric  lamps  for  use  in  mines,  the 
fees  charged,  the  character  of  the  tests,  and  the  conditions  under 
which  lamps  will  be  tested  by  the  bureau,  as  set  forth  in  Schedule 
6A,  issued  under  date  of  February  3, 1915,  are  given  below : 

DETINinON    OF  PERMISSIBLE. 

The  Bureau  of  Mines  considers  a  portable  electric  lamp  to  be  permissible 
for  use  in 'mines  if  all  the  details  of  the  lamp*s  construction  are  the  same  in 
all  respects  as  those  of  the  lamp  that  passed  the  inspection  and  the  tests  for 
safety,  practicability,  and  efficiency  made  by  the  bureau  and  hereinafter  de- 
scribed. 

CONDITIONS  UNDER  WHICH  LAMPS  WILL  BE  TESTED. 

The  conditions  under  which  the  Bureau  of  Mines  will  examine  and  test 
portable  electric  lamps  to  establish  their  permissibility  are  as  follows: 

1.  The  tests  \^ill  be  made' at  the  experiment  station  of  the  Bureau  of  Mines 
at  Pittsburgh,  Pa. 

2.  Applications  for  tests  shall  be  addressed  to  the  Director,  Bureau  of  Mines, 
Washington,  D.  C,  and  shall  be  accompanied  by  a  complete  description  of  the 
lamp  to  be  tested  and  a  full  set  of  the  drawings  mentioned  below. 

A  drawing  or  drawings  clearly  showing  the  size  and  general  appearance  of 
the  lamp  mounting. 

A  drawing  or  drawings  clearly  showing  the  character,  size,  and  relative  ar- 
rangement of  the  parts  of  the  lamp  mounting,  and  the  principle  of  operation  of 
the  safety  devices. 

Any  other  drawings  that  may  be  necessary  to  identify  the  safety  devices  or  to 
explain  how  they  accomplish  their  purpose, 

A  copy  of  the  description,  a  duplicate  set  of  drawings,  and  one  complete  lamp 
shall  be  sent  to  the  electrical  engineer,  Bureau  of  Mines,  Fortieth  and  Butler 
Streets,  Pittsburgh,  Pa. 

3.  As  soon  as  possible  after  the  receipt  of  his  application  fot  test  the  lamp 
manufacturer  will  be  notified  of  the  date  on  which  his  lamps  will  be  tested 
and  the  amount  of  material  that  it  will  be  necessary  for  him  to  submit. 

4.  All  material  for  test  shall  be  delivered  by  the  manufacturer  to  the  elec- 
trical engineer.  Bureau  of  Mines,  Fortieth  and  Butler  Streets,  Pittsburgh,  Pa., 
not  less  than  one  week  prior  to  the  date  set  for  the  test. 

5.  No  lamp  equipment  will  be  tested  unless  it  Is  in  the  completed  form  in 
which  it  is  to  be  put  on  the  market. 

6.  Lamps  so  constructed  that  they  can  be  used  both  as  cap  lamps  and  as  hand 
lamps  must  pass  the  tests  for  both  cap  lamps  and  hand  lamps  or  they  will  not 
be  approved  for  either  class  of  service. 
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7.  No  one  Is  to  be  present  at  these  tests  except  the  necessary  GoTernlDent 
ofBcers,  their  assistants,  and  one  representative  of  the  manufactorer  of  the 
lamp  to  be  tested,  who  shall  be  present  in  the  capacity  of  an  observer  only. 

The  conduct  of  the  tests  shall  be  entirely  in  the  hands  of  the  hnrean^s  en- 
gineer in  charge  of  the  investigation.  While  the  tests  are  in  progress  the 
manufacturer's  representative  shall  not  make  unsolicited  suggestions  or  criti- 
cisms of  the  method  of  conducting  the  test. 

8.  The  tests  will  be  made  in  the  order  of  the  receipt  of  application  for  test, 
provided  that  the  necessary  lamp  equipment  is  submitted  at  the  proper  time. 

9.  The  details  of  the  results  of  the  tests  shall  be  regarded  as  confidential  by 
all  present  at  the  tests  and  shall  not  be  made  public  in  any  way  prior  to  their 
official  publication  by  the  Bureau  of  Mines.  « 

REQUIREMENTS  FOR  APPROVAIj. 

The  requirements  that  a  portable  electric-lamp  equipment  must  have,  to  pass 
successfully  the  inspection  and  tests  required  by  the  bureau,  are  stated  below : 

1.  The  lamp  equipment  must  comply  with  the  following  requirements  for 
mechanical  and  electrical  construction : 

The  construction  of  permissible  portable  electric-lamp  equipment  shall  be 
especially  durable.  AU  parts  shall  be  constructed  of  suitable  material  of  the 
best  quality  and  shall  be  assembled  in  a  thorough  workmanlike  manner.  Cur- 
rent-carrying parts  shall  be  well  Insulated  from  parts  of  opposite  polarity  and 
from  parts  not  Intended  to  carry  current. 

The  battery  shall  be  inclosed  in  a  locked*  or  sealed  box  so  constructed  as  to 
preclude  the  possibility  of  anyone  meddling  with  the  electrical  contacts  or 
making  an  electrical  connection  with  them  while  the  box  cover  is  closed. 

The  leads  connecting  the  battery  with  the  headpiece  shall  be  made  up  In  a 
single  cable  efficiently  insulated  and  provided,  where  it  leaves  the  battery  casing 
and  enters  the  headpiece,  with  a  reinforcement  of  flexible  metallic  tubing.  The 
flexible  metallic  tubing  will  not  be  required  if  other  equally  durable  means  of 
reinforcement  are  provided. 

It  is  recommended,  but  not  required*  that  the  headpiece  be  so  designed  that 
it  can  be  sealed  or  locked.  The  battery  terminals  and  leads  connecting  thereto 
and  the  gas  vent  of  the  battery  shall  be  so  designed  and  constructed  as  to  pre- 
vent corrosion  of  the  battery  terminals  or  of  the  essential  metallic  parts  mounted 
in  the  cover  of  the  battery  casing. 

The  following  qualities  will  be  considered  in  determining  the  excellence  of  the 
mechanical  and  electrical  construction  of  lamps  covered  by  these  speciflcatioDS : 

Simplicity  of  design ;  mechanical  strength  of  parts  and  fastenings ;  suitability 
of  material  used ;  design  of  moving  and  removable  parts ;  design  and  construc- 
tion of  terminals  and  contacts  for  permanence  and  electrical  efflci^icy;  aod 
ease  of  repair.^ 

2.  The  lamp  equipment  must  be  provided  with  a  safety  device  or  devices  as 
follows : 

Permissible  portable  electric  lamps  shall  be  so  designed  and  constructed  that 
whenever  the  bulb  of  a  completely  assembled  lamp  equipment  is  broken  the 
lamp  filament  shall  at  once  and  under  all  circumstances  cease  to  glow  at  a 
temperature  that  will  Ignite  explosive  mixtures  of  mine  gas  and  air. 

The  mounting  of  the  bulb  may  be  designed  so  that  a  blow  sufficient  to  break 
the  bulb  will  short-circuit  it,  open  the  electric  circuit  of  the  lamp,  or  other wlge 
Insure  that  the  filament  will  be  wholly  or  practically  extinguished.  All  safety 
devices  with  which  the  lamps  are  provided  shall  be  so  completely  protected 
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from  Injury  or  disturbance  as  to  Insure  that  the  devices  will  always  be  in  con- 
dition to  perform  their. functions. 

The  desiiqi  of  the  safety  features  shall  be  such  that  their  action  can  not 
i«adily  be  hindered  or  prevented.  The  design  of  the  safety  devices  shall  be 
such  that  they  will  not  act  to  extinguish  the  lamp  unnecessarily. 

3.  The  lamp  equipment  must  be  provided  with  a  battery  having  a  short- 
circuit  current  not  in  excess  of  the  values  here  specified. 

The  bureau's  engineers  have  made  tests  (reported  in  Technical  Paper  47 
of  the  bureau)  which  have  satisfied  them  that  mine  gas  can  not  be  ignited  by 
the  sparks  from  portable  Aectrle-lamp  equipments  if  the  batteries  used  with 
such  equipments  are  made  so  that  their  maximum  short-circuit  current  can  not 
exceed  the  following  values :  For  batteries  giving  2.5  volts  or  less,  125  amperes ; 
for  batteries  giving  more  than  2.5  volts  but  not  more  than  4  volts,  85  amperes ; 
for  batteries  giving  more  than  4  volts  but  not  more  than  6  volts,  65  amperes; 
for  batteries  giving  more  than  5  volts  but  not  more  than  6  volts,  45  amperes. 
Therefore,  lamps  whose  short-circuit  current  does  not  exceed  these  values  will 
be  considered  satisfactory  in  that  respect. 

4.  The  lamp  equipment  must  meet  the  following  requirements  for  time  of 
burning,  flux  of  light,  intensity  of  light,  and  distribution  of  light : 

All  portable  electric  lamps  offered  for  test  under  the  provisions  of  this 
schedule  shall  produce  for  12  consecutive  hours  on  one  charge  of  battery  a 
light  stream  having  an  average  intensity  of  light  not  less  than  four-tenths  of  a 
candlepower.  The  total  flux  of  light  produced  by  cap  lamps  shall  not  fall  below 
1^  lumens  during  the  12  hours,  and  the  total  flux  of  light  produced  by  hand 
lamps  shall  not  fall  below  3  lumens  during  the  12  hours. 

The  distribution  of  light  by  lamps  that  use  reflectors  shall  be  determined  both 
by  observation  and  by  photometric  measurement.  The  lamps  shall  be  placed 
so  that  the  filaments  are  20  inches  away  from  a  plane  surface  that  Is  perpen- 
dicular to  the  axis  of  the  light  stream  of  the  lamp.  When  so  placed  the  lamp 
shall  illuminate  a  circular  area  not  less  than  7  feet  in  diameter.*  All  observa- 
tions and  measurements  of  distribution  shall  be  referred  to  this  7-foot  circle 
regardless  of  how  large  an  area  the  lamp  may  illuminate.  As  observed  with 
the  eye  there  shall  be  no  "  black  spots  "  within  the  7-foot  circle  nor  any  sharply 
contrasting  areas  of  bright  and  faint  illumination  anywhere.  As  measured  with 
a  photometer  the  distribution  of  light  diametrically  across  the  circle  shall 
fulfill  the  following  requirements: 

The  curve  of  light  distribution  along  the  diameter  of  the  circle  shall  be  ob- 
tained by  rotating  the  lamp,  and  thus  obtaining  the  average  distribution  curve. 

The  average  illumination  In  foot-candles  on  the  best-illuminated  one-tenth  of 
the  diameter  shall  be  not  more  than  three  times  the  average  illumination 
throughout  the  diameter,  and  for  at  least  40  per  cent  of  the  diameter  the  illumi- 
nation shall  be  not  less  than  the  average. 

5.  The  lamp  equipment  must  be  provided  with  lamp  bulbs  that  meet  the 
following  requirements  for  variation  in  current  consumption,  variation  In 
candlepower,  and  length  of  life: 

The  bulbs  submitted  for  test  shall  be  identified  by  the  name  of  the  manufac- 
turer and  by  a  number  or  symbol  with  reference  to  which  approval  will  be 
granted.  • 

The  current  consumption  of  at  least  95  per  cent  of  the  bulbs  tested  shall  not 
exceed  by  more  than  6  per  cent  the  average  current  consumption  of  all  the  bulbs 
examined. 


«  This  requirement  will  be  met  by  lamps  that  have  an  angle  of  light  8tream  of  130**  or 
more. 
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The  candlepower  of  at  least  90  per  cent  of  the  bulbs  tested  shall  not  fail  short 
of  the  average  candlepower  by  more  than  90  per  cent 

The  life  of  a  lamp  bulb  will  be  considered  as  the  number  of  hours  that  the 
bulb  can  l)e  burned  under  normal  conditions  of  voltage  before  it  becomes  so 
depreciated  that  when  used  with  an  average,  standard,  freslily  diarged  eiiuip- 
ment  it  fails  to  produce  for  12  oonsecutive  hours  the  flux  and  intensity  of 
light  specified  in  paragraph  4,  page  6. 

The  average  life  of  lamp  bulbs  shall  be  not  less  tlian  300  liours  for  acid 
storage  batteries  and  not  less  than  200  hours  for  primary  batteries  and  for 
alkaline  storage  batteries.  Not  more  than  5  per  tfent  of  the  bullw  examined 
fihall  give  less  than  250  hours'  life  with  acid  batteries  nor  less  tlian  150  hours* 
life  with  primary  batteries  and  alkaline  batteries. 

6.  The  lamp  equipment  must  comply  with  the  following  requirements  as  to 
leakage  of  electrolyte: 

Lamps  shall  be  so  designed  and  constructed  that  they  will  not  spill  nor  leak 
electrolyte  throughout  an  8-hour  test,  during  which  they  will  be  placed  in  any 
position  or  sequence  of  positions  that  in  the  opinion  of  the  bureau's  engineers 
will  be  most  likely  to  prove  whether  or  not  the  electrolyte  can  be  spilled. 

CHARACTER  OF  TESTS  TO  WHICH  LAMPS  WILL  BE  SUBJECTED. 

DESIGN    AND   CON8TBUCTION. 

The  excellence  of  the  mechanical  and  electrical  features  of  the  design  and 
construction  of  the  lamps  will  be  carefully  determined. 

The  following  tests  will  also  be  made:  Hand  lamps  and  the  headpieces  of 
cap  lamps  will  be  dropped  10  times  upon  a  concrete  floor  from  a  point  6  feet 
above  it.  As  the  result  of  these  dropping  tests  there  must  be  no  breakage  of 
the  battery  Jar  nor  material  distortion  of  the  casing  of  the  battery  or  of  the 
Rhell  of  the  headpiece.  The  engineers  in  charge  of  the  investigation  shall  be 
the  sole  Judges  of  whether  or  not  material  distortion  occurs.  The  droiq;iing 
tests  of  the  headpiece  must  demonstrate  that  the  safety  devices  will  not  operate 
unnecessarily. 

Cap  lamps  will  be  dropped  10  times  upon  a  wooden  floor  from  a  point  3 
feet  above  it  There  must  be  no  breakage  of  the  battery  Jar  nor  material 
distortion  of  the  casing. 

SAFETY  DEVICES. 

In  making  tests  of  the  safety  devices  it  will  l>e  assumed  that  if  the  short- 
circuit  current  of  the  battery  does  not  exceed  a  certain  value,  stated  iHreviously, 
the  glowing  filament  of  the  lamp  is  the  only  source  of  danger. 

It  will  also  be  assumed  (based  on  tests  reported  in  Technical  Paper  23)  that 
the 'glowing  filament  presents  an  element  of  danger  in  the  presence  of  mine  gas 
if  the  bulb  of  the  lamp  can  be  broken  without  causing  the  filament  to  become 
wholly  or  practically  extinguished  as  the  result  of  the  action  of  the  safety 
devices  with  which  the  lamp  is  provided. 

The  tests  will  therefore  be  made  with  a  view  to  determining  whether  or  not 
the  lamp  bulb  may  be  broken  without  causing  the  safety  devfce  of  the  lamp  to 
extinguish  the  lamp  or  cause  the  filament  to  glow  at  a  temperature  that  is  not 
high  enough  to  ignite  explosive  mixtures  of  mine  gas  and  air. 

If  the  safety  devices  are  designed  to  extinguish  the  lamp  before  the  bulb  is 
broken,  it  will  not  be  necessary  to  make  the  tests  in  gas  unless  the  safety 
devices  do  not  completely  extinguish  the  lamp.    It  will  then  be  necessary  to 
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determine  whether  or  not  the  filament  is  glowing  at  a  temperature  sufficient  to 
ignite  gas. 

If  ttie  safety  deyioes  are  designed  to  extinguish  the  lamp  at  the  same  time 
that  the  bulb  is  broken,  it  wUl  be  desirable  to  make  the  tests  in  explosive  mix- 
tures of  gas  and  air. 

Gas,  if  used,  will  be  the  natural  gas  suj^Ued  to  the  city  of  Pittsburgh.  The 
composition  of  this  gas,  as  determined  from  recent  analyses,  is  approximately 
83.1  per  ceyt  methane,  16  per  cent  ethane,  0.9  per  c^it  nitrogen,  and  a  trace  of 
cariwn  dioxide 

The  details  of  conducting  the  tests  will  manifestly  not  be  the  same  for  all 
lamps  submitted,  because  different  lamps  will  no  doubt  have  safety  devices 
'differing  in  design,  construction,  and  basic  principles.  The  bureau  proposes  to 
determine  for  each  lamp  separately  a  schedule  of  tests  that,  after  due  examina- 
tion of  the  lamp  and  its  safety  devices,  seem  best  adapted  to  ascertaining  the 
merits  of  the  equipment  submitted.  This  schedule  may  be  examined  and  dis- 
cussed by  the  manufacturer's  representative  before  the  tests  are  begun. 

In  general,  the  tests  will  consist  of  striking  the  mounting  or  holder  of  the 
lamp  bulb  in  an  attempt  to  break  the  bulb  without  extinguishing  the  lamp. 

If  the  safety  devices  are  designed  to  extinguish  the  lamp  (as  by  discon- 
necting the  bulb  from  circuit  or  by  opening  the  circuit  at  some  other  point), 
the  devices  will  be  cx>nsidered  to  have  acted — 

1.  If,  after  the  blow  has  been  delivered,  the  lamp  bulb,  whether  broken  or 
not,  Is  clearly  disconnected  from  circuit. 

2.  If,  after  the  blow  has  been  delivered — 

(a)  When  the  lamp  filament  is  not  broken  by  the  blow,  it  does  not  glow,  or 

(5)  When  the  lamp  filament  is  broken  by  the  blow,  a  sound  filament,  replacing 
the  broken  filament,  does  not  glow. 

If  the  safety  devices  are  designed  to  decrease  the  temperature  of  the  fila- 
ment (by  short-circuiting  the  filament  or  by  other  means),  the  devices  will  be 
considered  to  have  acted  if,  after  the  blow  has  been  delivered — 

(a)  When  the  lamp,  filament  is  not  broken  by  the  blow,  it  does  not  glow  at  a 
temperature  sufficient  to  ignite  gas,  or 

(6)  When  the  lamp  filament  is  broken  by  the  blow,  a  sound  filament,  replace 
ing  the  broken  filament,  does  not  glow  at  a  temperature  sufficient  to  ignite  gas. 

If  there  Is  any  question  as  to  whether  or  not  a  filament  is  glowing  at  a 
dangerous  temperature,  the  point  will  be  settled  by  surrounding  the  filament 
with  an  explosive  mixture  of  gas  and  air. 

If,  after  the  blow  has  been  delivered,  the  bulb  has  not  been  broken  and  the 
safety  devices  have  not  acted,  the  test  will  be  repeated  with  the  same  equip- 
ment or  with  a  different  equipment,  at  the  discretion  of  the  bureau's  engineers. 

The  bureau  believes  that  approximately  GO  tests  will  be  necessary  to  deter- 
mine whether  or  not  the  safety  devices  of  a  lamp  are  permissible  for  use  in 
gaseous  mines,  but  more  or  fewer  tests  may  be  made  at  the  discretion  of  the 
engineer  in  charge  of  the  tests. 

DETEBMINATION   OF  MAXIMUM   SHOST-CIBCtJrr  CXJItBBNT. 

The  short-circuit  current  of  the  battery  will  be  measured  under  conditions 
that  will  give  the  same  current  that  would  fiow  through  a  short  circuit  between 
the  conductors  of  the  flexible  cord  at  the  point  in  the  cord  nearest  to  the  battery 
casing. 
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TIME  OF  BUBNINO,  FLUX  OF  LIGHT,  INTENSITY  OF  LIGHT,  AND  DISTMBLTION  OF  LIGHT. 

The  teets  to  deterniine  the  time  of  burning,  flux,  intensity,  and  dSstribution 
of  light  will  be  made  for  not  less  than  20  batteries,  6  reflectors  or  lamp  mount- 
ings, and  100  lamp  bulbs. 

The  average  performance  of  the  various  equipments  will  be  taken  as  the 
average  performance  of  the  lamp.  The  measurements  of  flux  and  intensio'  of 
light  will  be  made  after  the  bulbs  have  been  burned  for  about  10  hours  in  order 
to  season  them  somewhat 

VARIATION  IN  GVBSBNT  OONSUMFTION,  CANDLEFOWiai,  AND  LIFB  OF  BUIJBS. 

Measurements  of  current  consumption  and  candlepower  wiU  l>e  made  with 
bulbs  tiiat  have  been  burned  about  10  hours. 

Measurements  of  current  consumption  will  be  made  at  approximately  the 
average  potential  given  by  the  lamp  battery  after  having  been  used  for  me 
hour. 

Measurements  of  bulb  candlepower  will  be  made  in  one  direction  only.  Usually 
the  direction  that  gives  the  largest  exposure  of  filament  will  be  selected. 

Determination  of  bulb  life  will  be  made  with  batteries  that  have  the  saai*' 
voltage  characteristics  as  those  used  with  the  lamp.  Tests  will  l>e  made  wltli 
the  bulbs  in  a  fixed  position. 

Although,  as  stated  in  Technical  Paper  75,  Bureau  of  Mines,  the  bureau 
considers  that  the  batteries  of  portable  electric  mine  lamps  should  give  3,i»* 
hours  of  service  (300  12-hour  shifts)  without  requiring  repairs  to  or  replai^ 
ments  of  any  part,  it  is  manifestly  impracticable  for  the  bureau  to  carry  out  th** 
3,600-hour  test  upon  each  battery  submitted  for  approval.  Therefore  the  r*^ 
Quirements  of  the  bureau  with  respect  to  the  durability  of  batteries  will  W 
considered  as  satisfied  if  the  batteries  shall  perform  their  functions  without 
repair  while  being  used  by  the  bureau,  in  accordance  with  the  written  instru<'- 
tions  of  the  lamp  manufacturer  to  conduct  the  bulb-life  tests,  and  at  the  o>iuplt^ 
tion  of  these  tests  the  condition  of  the  batteries  shall  give  no  evidences  of  weak- 
nesses that  indicate  the  early  failure  of  any  part  of  the  battery. 

LEAKAGE   OF   ELECTROLYTE. 

The  lamps  will  be  tested  for  leakage  and  spilling  of  electrolyte  by  placing  the 
batteries  for  various  lengths  of  time,  totaling  eight  hours,  in  various  positions 
that  seem  most  likely  to  cause  the  cells  to  leak  or  spill.  If  a  battery  does  not 
leak  or  spill  more  than  one  full  drop  of  electrolyte  during  the  eight-hour  test 
the  battery  casing  will  be  regarded  as  nonspllling. 

APPROVAL  OF  PERMISSIBLE  PORTABLE  ELECTRIC  MINE  I^MPS* 

APPBOVAL  PLATES. 

The  manufacturers  will  be  required  to  attach  to  the  battery  casing  of  each 
permissible  lamp  equipment  a  plate  bearing  the  seal  of  the  Bureau  of  Mines, 
and  inscribed  as  follows: 

Penalstible  portKble  eleotrio  nine  lamp.    Approval  Ko.  -^ 

Issued  for  safety  and  for  practicability  and  efliciency  in  general 

service  to  the  Co. 

The  use  of  the  plate  will  not  be  required  if  the  same  inscription  is  stamped 
or  cast  into  the  casing  of  the  battery. 
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NOTIFICATION   OF   MANUFACTURER. 

As  soon  as  the  bureau^s  eoglneers  are  satisfied  that  a  lamp  is  permissible 
the  manufacturer .  of  the  lamp  and  the  mine-inspection  departments  of  the 
several  States  shall  be  notified  to  that  effect  As  soon  as  a  manufacturer 
receives  formal  notification  that  his  lamp  has  passed  the  tests  prescribed  by  the 
bureau  he  shall  be  free  to  advertise  such  lamp  as  permissible. 

SCOPE  OF  APPROVAL. 

The  bureau^s  approval  of  any  lamp  shall  be  construed  as  applying  to  all 
lamps  made  by  the  same  manufacturer  that  have  the  same  construction  in  the 
details  considered  by  the  bureau,  but  to  no  other  lamps. 

Manufacturers  shall,  before  claiming  the  bureau*s  approval  for  any  modifica- 
tion of  any  approved  lamp,  submit  to  the  bureau  drawings  that  shall  show  the 
extent  and  nature  of  such  modifications,  in  order  that  the  bureau  may  decide 
whether  or  not  it  should  test  the  remodeled  lamp  before  approving  it.  Each 
approval  of  a  permissible  lamp  will  be  given  a  serial  number.  Ai^rovals  of 
modified  forms  of  a  previously  approved  lamp  will  bear  the  same  number  as 
the  original  approval,  with  the  addition  of  the  letters  a,  b,  c,  etc. 

WITHDRAWAL  OF  APPROVAL. 

The  bureau  reserves  the  right  to  rescind,  for  cause,  at  any  time  any  approval 
granted  under  the  conditions  herein  set  forth. 

APPROVAL  OF   LAMP  BULBS   ALONE. 

The  bureau  will,  upon  request,  make  tests  of  lamp  bulbs  to  determine  whether 
or  not  they  will  comply  with  the  bureau's  requirements  when  used  in  con- 
nection with  any  lamp  that  has  been  approved  by  the  bureau  under  the  pro- 
visions of  this  schedule. 

Lamp  bulbs  that  fulfill  the  requirements  will  be  sj)eciflcally  approved  for 
use  with  stateil  lamps. 

Applications  for  tests  of  bulbs  should  be  made  in  a  manner  similar  to  appli- 
cation for  tests  of  lamps. 

FEES    FOp    TESTING    PORTABLE    ELECTRIC    MINE    LAMPS. 

The  necessary  expenses  involved  in  testing  portable  electric  mine  lamps  have 
been  determined,  and  the  following  schedule  of  fees  to  be  charged  on  and  after 
the  date  of  issue  of  this  schedule  has  been  established  and  approved  by  the 
Secretary  of  the  Interior: 

Item  1,  Complete  Test. 

For  a  complete  ofilclal  investigation  leading  to  the  formal  approval  of  a 
portable  electric  mine  lamp,  the  investigation  to  include  tests  of  the 
safety  devices  and  the  determination  of  the  time  of  burning,  flux  of 
light,  intensity  of  light,  distribution  of  light,  bulb  characteristics, 
leakage  of  electrolyte,  and  durability $150.  00 

Item  2,  Safety  Tests  Only. 

For  tests  of  the  safety  devices  only 30.00 

For  additional  necessary  tests  under  the  same  Investipition   (^'or  each 

five  tests  or  fraction  thereof) — 2.  50 
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Item  3,  Tests  Other  Than  fob  Safety. 

For  tests  to  determine  only  the  time  of  burning,  flux  of  light,  intensity 
of  light,  distribution  of  light,  bulb  characteristics,  and  leakage  of 
electrolyte $120.00 

iTEic  4,  Bulb  Tests. 

For  tests  to  determine  only  bulb  life,  variation  in  bulb  candlepower, 
and  variation  in  bulb  current  consumption: 

If  such  tests  involve  making  discharge  voltage  determinations 75.00 

If  such  tests  do  not  involve  making  discharge  voltage  determina- 
tions       50.00 

Item  5,  Individual  Tests. 

The  following  charges  will  be  made  for  individual  tests  included  under 
item  3 : 

Discharge  voltage  tests 25.00 

Reflector  tests 2a  00 

Time  of  burning  tests laOO 

Light  distribution  tests .  5.00 

Electrolyte  spilling  tests a  00 

Short-circuit  tests  of  battery 1.00 

Mechanical  tests  of  cord 6.00 

Bulb  life  tests 35.00 

Bulb   uniformity   tests 15.00 

Item  6,  Special  Tests. 

Special  tests  that  circumstances  shall  render  necessary  during  the  course  of 
the  investigation  will  be  made  at  the  request  of  the  lamp  mani^acturer  and 
will  be  charged  for  in  accordance  with  the  amount  of  work  involved. 

SEMrrTANCES. 

Manufacturers  who  submit  lamps  for  tests  to  determine  permissibility  for 
use  in  gaseous  mines  will  be  required  to  furnish  certifled  check  or  bank  draft 
made  payable  to  the  Secretary  of  the  Interior,  to  cover  the  total  fees  required 
for  the  desired  tests.  Such  fees  must  be  received  at  least  two  weeks  prior  to 
the  date  set  for  beginning  the  tests ;  otherwise  the  equipment  of  the  next  ap- 
plicant upon  the  list  will  be  tested. 

STN0P8IS  OP  PROCEDURE  TO  BE  FOLLOWED  IN  MAKING  APPLICATION  FOR 
TESTS,  SUBMITTING  MATERIAL,  CONDUCTING  TESTS,  AND  NOTIFTK^Q 
APPLICANT  OF  RESULTS. 

1.  Application  for  tests  should  be  addressed  to  the  Director  of  the  Bureau 
of  Mines,  Washington,  D.  O.  This  application  should  be  accompanied  by  dieck 
or  draft  and  by  a  complete  description  of  the  lamp  to  be  tested  and  a  set  of 
the  drawings  described  in  paragraph  2,  page  46.  Duplicate  copies  of  the  ap- 
plication, description,  and  drawings  should  be  sent  to  the  electrical  engineer. 
Bureau  of  Mines,  Fortieth  and  Butler  Streets,  Pittsburgh,  Pa.,  accompanied  by 
a  single  complete  lamp  equipment 

2.  As  soon  as  the  application  has  been  reviewed  by  the  bureau^s  engineers 
the  applicant  will  be  notifled  of  the  date  of  test  and  the  number  of  lamps  and 
lamp  parts  that  it  will  be  necessary  for  him  to  submit 

3.  After  receiving  this  notiflcation  the  applicant  should  send  the  material 
required  to  the  electrical  engineer,  Bureau  of  Mines,  Fortieth  and  Butler 
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Streets,  Pittsburgh,  Pa.  This  material  should  be  delivered  not  less  than  one 
week  in  advance  of  the  date  set  for  the  beginning  of  the  tests.  At  this  time 
the  applicant  should  state  the  name  and  address  of  the  applicant's  representa- 
tive who  will  witness  the  tests. 

4.  The  tests  will  be  begun  on  the  date  set  and  continued  until  the  lamp  is 
approved,  rejected,  or  withdrawn. 

5.  After  the  bureau's  engineers  have  considered  the  results  of  the  tests,  a 
formal  report  of  the  approval  or  disapproval  of  the  lamp  will  be  made  to  the 
applicant  in  writing  by  the  Director  of  the  Bureau  of  Mines.  No  verbal  report 
will  be  made  and  the  details  of  the  tests  must  be  regarded  as  confidential  by 
all  present 
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A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until  the 
edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  interest 
to  them.  Requests  for  publications  should  be  addressed  to  the 
Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution  as  well  as  those  obtainable  onlv  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  on  pay- 
ment of  the  price  of  printing.  Interested  persons  should  apply  to  the 
Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

PUBLICATIONS  AVAILABLE  FOR  FREE  DISTRIBUTION. 

BiTLLETiN  46.  An  Investigation  of  explosion-proof  mine  motors,  by  H.  H.  Clark. 

1912.  44  pp.,  6  pis.,  14  figs. 

Bulletin  52.  Ignition  of  mine  gases  by  the  filaments  of  incandescent  electric 
himps,  by  H.  H.  Clarlc  and  L.  C.  Ilsley.    1913.    31  pp.,  6  pis.,  2  figs. 

Bulletin  68.  Electric  switches  for  use  in  gaseous  mines,  by  H.  H.  Clark  and 
II.  \V.  Crocker.    1913.    40  pp.,  6  pis. 

Technical  Paper  4.  The  electrical  section  of  the  Bureau  of  Mines,  Ite  purpose 
and  equipment,  by  H.  H.  Clark.    1911.    12  pp. 

Technical  Paper  19.  The  factor  of  safety  in  mine  electric  installations,  by 
II.  H.  Clark.    1912.    14  pp. 

Technical  Paper  22.  Electrical  symbols  for  mine  maps,  by  H,  H.  Clark.  1912. 
11  pp.,  8  figs. 

Technical  Paper  23.  Ignition  of  mine  gas  by  miniature  electric  lamps  with 
tungsten  filaments,  by  H.  H.  Clark.    1912.    5  pp. 

Technical  Paper  28.  Ignition  of  mine  gas  by  standard  Incandescent  lamps,  by 
H.  11.  Clark.    1912.    6  pp. 

Technical  Paper  44.  Safety  electric  switches  for  mines,  by  H.  H.  Clark. 

1913.  8  pp. 

Technical  Paper  47.  Portable  electric  mine  lamps,  by  H.  H.  Clark.  1913. 
8  pp. 

Technical  Papfhi  58.  Action  of  acid  mine  water  on  the  Insulation  of  eiectrical 
conductors,  a  preliminary  report,  by  H.  H.  Clark  and  L.  C.  Ilsley.    1913.    26  pp.. 

1  fig. 
Technical  Paper  75.  Permissible  electric  lamps  for  miners,  by  H.  H.  Clark. 

1914.  21  pp.,  3  figs. 

Technical  Paper  79.  Electric  lights  for  oil  and  gas  wells,  by  H.  H.  Clark. 
1914.    8  pp. 
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Technical  Papeb  108.  Shot  firing  in  coal  mines  by  electricity  controlled  from 
the  outside,  by  H.  H.  Clark,  N.  V.  Breth,  and  C.  M.  Means.    1915.    36  pp. 

Technicai.  Papeb  159.  Production  of  explosives  in  the  United  States  during 
the  calendar  year  1915,  with  notes  on  coal-mine  accidents  due  to  explosives  and 
a  list  of  permissible  explosives,  lamps,  and  motors  tested  prior  to  June  1,  1916, 
compiled  by  A.  H.  Fay.    1916.    24  pp. 

MiNEBs*  CiBcni.AR  5.  Etcctrical  accidents  in  mines,  their  causes  and  preven- 
tion, by  H.  H.  Clark,  W.  D.  Roberts,  L.  C.  Ilsley,  and  U.  F.  Randolph.  1911. 
10  pp.,  3  pis. 
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Tbchnicai.  Papeb  101.  Permissible  explosion-proof  electric  motors  for  mines ; 
conditions  and  requirements  for  test  and  approval,  by  H.  H.  Clark.  1915.  14 
pp.,  2  pis.,  1  fig.    5  cents. 


INDEX. 


Batteries,  life  of»  determination  of—  00 

need   of   testing 11, 16 

■hort-drcQlt   current  of,  deter- 
mination   of 49 

fees  for  testing 02 

permlssllile   values  for 47 

protection  of,  requirements  f^r.  46 
Bee  aiso  lamps  named. 

Bauder,  P.  F.,  acknowledgment  to —  9 
Balbs,  effldency  of,  factors  goTern- 

Ing 19 

life  of,  measurement  of 16,  00 

requirements   for 47, 48 

tests   of 11,10,16,01 

fees  for 02 

See  ofoo  lamps  named. 

Bonnell,  C.  M.,  acknowledgment  to.  9 
Bureau  of  Mines,  approTSl  of  lamps 

by 8 

investigations   of 8,10 

spedflcatlons  for  testing  sched- 

ules  for 8 

tests  of  lamps,  conditions  gov- 

emlng 9,40 

Burning,  time  of,  requirements  for.  47 

tests  for  determining 10,00 

fees  for 02 

See  also  lamps  tested. 

Burrows,  B.  P.,  acknowledgment  to.  0 


C. 


Candlepower,  of  lamps,  factors  gov- 
erning         14 

measurement  of 14,00 

device  for,  view  of 14 

Cap   lamps,    strength   of,    tests   de- 
termining          48 

See  aUo  Concordia  cap  lamp; 
Edison     lamp ;     General 
Electric    lamp ;    Pioneer 
lamp;  Wico  lamp. 
Concordia  cap  lamp,  approval  of.  0,37,80 

batteries  of,   life  of 80 

maximum      current      from 

tfhort-clrcultinit 38 

bulb  of,  characteristics  of 30 

construction  of,  changes  in 39,40 

cords  of,  life  of 39 

description    of 37 

headpiece   of,  figure   showing —         37 

light  produced  by 88 

parts  of,  view  of 88 

MlHy  dtriM  ofi  dsteriptlon  of.  87»  88 


ConoMdia  cap  lamj^— Contliiiied.  Page. 

specifications   for 44 

time  of  burning  of 38 

view    of ■   38 

Concordia  hand  lamp,  approval  of.  0, 27, 20 

batteries  for.  Ufs  at 29 

current  in  short-circuiting.  27 

tests  of 28 

bulbs  for,  characteristiGs  of 28,20 

construction  of,  changes  In 20 

description  of 27 

light  produced  by 28 

parts  of,  view  of 28 

safety  device  of,  description  of.  27 

specifications  for 44 

time  of  burning  of 28 

view  of 28 

Cord,  improved*  development  of 20 

suitable,   difflcnltles   in   obtain- 
ing  16,17,10,20 

tests  of 20 

description  of 21 

device   for 21 

views  of 22 

fees  for 02 

results  of 22 

See  aUo  lamps  tested. 


B. 


Edison  lamp,  approval  of • 0,22 

batteries  of,  life  of 20 

current  from  short-circuit- 
ing    23 

bulbs  of,  characteristics  of 24,  20 

connections  of.  Improvement  in.  23 

construction  of,  changes  In 26 

cord  of,  life  of 20 

description  of 22 

distribution  of  light  by 24 

headpiece  of,  figure  showing 23 

parts  of,  view  of 24 

safety  device  of 22 

figure  showing 23 

specifications   for 44 

suggestions  for  Improvement  of.  27 

time  of  burning  of 24 

view  of 22 

Electric  lamps,  approval  of,  notifica- 
tion of 51 

plates    for 50 

requirements  for 46 

scope  of 01 

withdrawal  of 51 

approved,  adoption  of 48 

quallficatioiis  of— 48 

87 


58 


INDEX. 


Blectric  lamps — Conttnaed.  Page. 

construction  of,  factors  In 46 

dangers  from 7 

early,  defects  of 7 

essential  qualifications  of 10, 11 

Investigations  of 9, 10 

mechanical   strength    of,    deter- 
mination of 17,  48 

practicability  of,  factors  deter- 
mining          10 

probable  develbpment  of 43 

specifications  for,  schedules  for.       8,  d 

tests  of,  application  for 52,  53 

conditions  goyerning 45,46 

fees   for 51,52 

remittances  for 52 

unexpected  extinction  of,  testa 

determining 12 

Bee  also  lamps  named. 
Electrolyte,    leakage    of,    equipment 

for  testing,  views  of 14 

requirements  regarding 48 

tests  determining 13,  50 

fees   for 52 


F. 


Fees  for  testing  electric  lamp  equip- 
ment   51, 52 


G. 


Oas,  liability  to  ignite,  teetts  deter- 
mining   11,12 

equipment  for,  view  of-  12 

need  for 10, 11 

See  aU(o  lamps  tested. 
General  Electric  lamp,  approval  of.  9,  30,  33 

batteries  of,  life  of 82 

bulbs    used    for,    characteristics 

of 32 

construction  of,  changes  in 33 

cord  used  with,  life  of 33 

description  of 29,30 

headpiece  of,  figure  showing 80,  31 

light  produced  by 32 

parts  of,  view  of- .' 82 

safety  device  of,  description  of-  30,  31 

specifications   for 44 

time  of  burning  of 32 

views  of 30 


H. 


Hand  lamps,  mechanical  strength  of, 

tests   determining 48 

See  also  Concordia  hand  lamp. 


J. 


Jennings,  J.  T.,  acknowledgment  to_  9 


L. 


Light,  distribution  of,  determination 

of 15 

even,  need  of 18, 19 


Light,  dlstrlbntion  of — Contlmied. 

Improvements   In 18«  19 

requirements   for 47 

tests  to  determine 50 

fees  for : 62 

variations  In,  views  of 20 

llnx  of,  factors  determining 13, 15 

measurement  of 14 

requirements   for 47 

tests  to  determine 50 

need  for 11 

See     aiso     Candlepower,     and 
lamps  named. 
Light  stream,  angle  of,   requirement 

for 18 

B(. 

Manlite  lamp,  approval  of 9 

withdrawal  of 27 


O. 


Open-flame  lamp,  in  coal  mines,  dan- 
gers from.  ^ 7 

P. 

"  Permissible  '*      portable      electric 

lamp,  definition  of 43 

"Picking  test,'*  description  of 13 

machine  assembled  for,  view  of-  14 

Pioneer  lamp,  approval  of 9,43 

batteries  of,  life  of 42 

current   from   short-circuit- 
ing   40 

bulb  of,  characteristics  of 42 

construction  of,  changes  In 42,43 

cord  used  In,  life  of 42 

description  of 40 

headpiece  of,  figure  showing '       41 

light  produced  by 41.42 

parts  of,  view  of 38 

safety    devices    of,    description 

of 40 

specifications   for 44 

tendency  to  unexpected  extinc- 
tion in 41 

time  of  burning 42 

view  of 38 

R. 

Reflectors,  efllclency  of 18. 19 

tests  of,  fees  for 52 

Safety,  as  requisite  of  lamps 10 

Safety    devices,    of    lamps,    develop- 
ment of 18 

requirements    for 46,47 

teats  of 11,12 

equipment  for,  views  of 12 

factors  determining 48,49 

fees  for 51 

purpose  of ^ 49 

See  dl80  lamps  named. 


INDEX. 


59 


Safety    lamp,    flame,    disadvantages  Page. 


of. 


•*  Shoveling  test,"  description  of 

machine  assembled  for,  view  of- 
**  Spilling  test,"  method  of  conduct- 
ing  


W. 


7 

13 
14 

18 


Wico  lamp,  approval  of 9,33,36,37 

batteries  of,  life  of 30 

maximum  current  by  short- 
circuiting  34 


Wico  lamp — Continued.  Page, 
bulbs  used  with,  characteristics 

of 35,36 

construction  of,  changes  in 36 

cord  used  with,  life  of 36 

description  of 33 

headpiece  of,  figure  showing 34 

light  produced  by 35 

parts  of,  view  of 34 

safety     device     of,    description 

of 34 

specifications  for 44 

time  of  burning  of 35 

view  of 28 


O 


Bolletla  132 


DEPARTMENT  OF  THE  INTERIOR 

FRANKLIK  K.  LANE,  SaCBsTACr 

BUREAU  OF  MINES 

VAN.  H.  MANNING,  Dibectob 


SILICEOUS  DUST  IN  RELATION  TO 

PULMONARY  DISEASE  AMONG  MINERS  IN  THE 

JOPLIN  DISTRICT,  MISSOURI 


EDWIN  HIOGINS,  A.  J.  LANZA,  F.  B.  LANEY 
urn  GEOKGE  S.  RICE 


The  Bureau  of  Mines,  in  carrying  out  one  of  the  provisions  of  its  oiganic  act— to 
disseminate  infonnation  concerning  investigations  made — ^prints  a  limited  free  edition 
of  each  of  its  publications. 

When  this  edition  is  exhausted  copies  may  be  obtained  at  cost  price  only  through 
the  Superintendent  of  Documents,  Government  Printing  Office,  Washington,  D.  0. 

The  Superintendent  of  Documents  is  not  an  official  of  the  Bureau  of  Mines,  His  is 
an  entirely  separate  office  and  he  should  be  addressed: 

Superintendent  of  Documents, 

Government  Printing  Office, 

WaMngUm  D.  0. 

The  general  law  under  which  publications  are  distributed  prohibits  the  giving  of 
more  than  one  copy  of  a  publication  to  one  person.  The  price  of  this  publication  is 
25  cents. 


First  edition,     June,  1917, 


CONTENTS. 


Preface,  by  Van.  H.Mazming.... 1 

Mining  operatioDB  as  related  to  productiaii  of  siliceouB  dust,  by  Edwin  Higgins.  3 

Introduction 3 

Acknowledgments 3 

General  Information 4 

Geology  and  ore  depoflits 7 

Prospecting  fpid  development  work 8 

Mining  methods 9 

Breaking  ground  in  the  heading 10 

Carrying  stope  and  heading 11 

DrilMng 12 

Squibbing,  blowing  holes,  blasting 13 

PUlars 14 

Shovelingy  tramming,  and  hoisting 14 

Mine  water 16 

Ventilation •. 16 

Temperatures 18 

Wages  and  costs 18 

Conmients  on  the  methods  employed 19 

Origin  of  siliceous  dust  in  mine  air 20 

DrUling 20 

Squibbing 20 

Blowing  of  dry  holes 21 

Blasting 21 

Shoveling 21 

Bowlder  popping  and  other  causes 21 

Methods  of  sampling  siliceous  dust 22 

Accuracy  of  sampling  device 23 

Kesults  of  the  dust  sampling 24 

Sizing  and  chemical  tests 24 

Microscopic  examination  of  dust  particles 26 

General  description 26 

Physical  character  of  dust  particles 26 

Description  and  discussion  of  photomicrographs 26 

Suspension  of  dust  particles  in  the  air 28 

Microscopic  examination  of  the  particles  caught  on  slides 28 

Size  of  dust  particles  taken  into  the  lungs 31 

Weight  of  dust  in  mine  air 32 

Blowing  drill  holes 44 

Drilling 45 

Squibbing 47 

Blastmg 48 

Shoveling 49 

General  conditions 49 

What  constitutes  a  dusty  mine 50 

m 


IV  CONTENTS. 

Mining  operations,  etc. — Continued. 

Attempts  to  abate  siliceous  dust  in  the  mines 51 

Cooperative  work  of  Federal  and  State  officials 52 

Southwestern  Missouri  Mine  Safety  and  Sanitation  Association 52 

Preliminary  report  of  the  x  ederal  representatives 53 

Results  of  educational  work  and  publicity 54 

Legislation  looking  to  improved  sanitary  conditions 54 

Mining  laws  of  Missouri,  passed  by  the  Forty-eighth  General  Assembly, 

1914 55 

Summary  and  conclusions 57 

Notes  regarding  health  conditions  in  metal  mines  in  foreign  countries —  59 

Report  on  health  of  Cornish  miners 59 

Summary 59 

Reconunendations dO 

Mining  regulations  in  South  Africa 61 

Mining  regulations  of  New  i&ealand 61 

Physiological  effects  of  siliceous  dust  on  the  miners  of  the  JopHn  district,  by 

A.J.  Lanza 62 

Introduction 62 

Ed  ucational  work 62 

Prevalence  and  nature  of  pulmonary  diseases 64 

Nature  of  miners'  consumption 65 

Results  of  physical  examination  of  720  miners 67 

Cases  of  tuberculosis  without  rock-dust  injury 68 

^            Cases  of  miners' consumption  only 69 

Cases  of  miners'  consumption  wi  th  a  tuberculous  infection 69 

Doubtful  cases 70 

Miners  suffering  from  miscellaneous  diseases 70 

Miners  seemingly  well 70 

General  remarks  on  physical  examinations 70 

Sanitary  conditions  underground 71 

Prevalence  of  siliceous  dust 71 

Supply  of  drinking  water 72 

Human  waste 72 

Metallic  poisoning 73 

Effect  of  use  of  carbide  lamps 73 

Compressor  air 74 

Overwork 74 

Change  houses 74 

Housing  conditions .• 75 

Care  of  the  sick 77 

Sickness  insurance 78 

Conclusions 79 

Recommendations 79 

Historical  review  of  silicosis,  by  George  S.  Rice 81 

Silicosis  in  South  African  gold  mines 84 

Silicosis  in  the  quartz  mines  of  Australia 94 

Phthisis  in  Germany 95 

Prevalence  of  silicosis  among  miners  of  the  United  States ^ 95 

The  chert  or  flint  of  the  Joplin  district,  by  F.  B.  Laney 99 

Introduction 99 

Gray  chert 100 

General  characteristics 100 

Characteristics  as  shown  by  the  microscope 101 


CONTENTS,  V 

The  chert  or  flint  of  the  Joplin  di<9trict,  by  F.  B.  Laney — Oontiniied. 

Gray  chert — Continued.  Page. 

AnalyBes  of  samples  of  gray  chert 102 

Origin  of  gray  chert 103 

Jasperoid  or  black  chert 105 

General  characteristics 105 

Characteristics  as  seen  by  the  microscope 105 

Analyses  of  jasperoid 106 

Origin  of  jasperoid 107 

Publications  on  mine  accidents  and  methods  of  metal  mining 109 

Index :....  113 


TABLES. 


Table  1.  Number  of  employees,  wages  paid,  tonnage,  and  value  of  ore  mined 

in  the  Joplin  district  during  1914 4 

2.  Location  and  number  of  employees  of  active  mines  in  southwestern 

Missouri  in  May,  1915 5 

3.  Description  and  anal3rses  of  air  samples  taken  in  mines  of  Joplin 

district,  November,  1914 17 

4.  Results  of  chemical  examination  of  drill  cuttings 25 

5.  Results  of  sizing  tests  on  drill  cuttings 25 

6.  Results  of  tests  to  show  size  of  dust  particles  in  mine  air  and  duration 

of  suspension 30 

7.  Analyses  of  39  samples  of  siliceous  rock  dust  taken  in  sheet-ground 

mines  of  the  Joplin  district,  Missouri,  in  November,  1914 33 

8.  Description  of  siliceous  dust  samples  taken  in  sheet-ground  mines  of 

the  Joplin  district 34 

9.  Data  r^arding  samples  of  dust  produced  by  drilling  without  water. .        45 
10.  Data  r^;arding  samples  of  dust  produced  by  drilling  wet  or  damp 

holes 46 


ILLUSTRATIONS. 


Platb  1,  Af  Prospector  near  Carterville,  Mo.,  operating  horse  whim  by  hand; 

Bf  Nearly  completed  dry  and  change  house  near  Duenweg,  Mo. . .        10 
II.  View  of  plant  near  Carterville,  showing  mill  buildings  and  tailing 

heaps  ..y 12 

III.  Another  view  of  plant  shown  in  Plate  II,  showing  offices  and  tailing 

heaps 12 

IV.  Apparatus  for  determining  rock  dust  in  mine  air 22 

V,  Details  of  dust  sampling  device 22 

VI.  ^,  Rock  dust  from  sample  215,  Particles  magnified  250  diameters; 
By  rock  dust  from  sample  215,  Particles  magnified  600  diameters; 

C,  Rock  dust  from  sample  424 26 

VII.  Af  Rounded  and  polyhedral  particles  from  sample  424;  B,  Particles 

from  sample  566;  C,  Rock  dust  from  sample  591 26 

VTII.  Af  Larger  particles  in  rock  dust  from  sample  567;  £,  Rock  dust  from 
sample  576;  C,  Rock  dust  from  sample  576,  showing  relatively  large 
p^portion  of  finer  particles 28 


VI  ILLUSTRATIONS. 

PuLTB  IX.  A,  Rock  dust  particles  from  sample  590;  B,  Dusl  from  mine  air,  pi^ 

caught  on  balsam-covered  plate 28 

X.  Ay  Drilling  dry  hole  with  solid  steel  piston  diill;  B,  Drilling  breast 
hole  with  water-injection  drill ;  C,  Drilling  stope  bole  with  water- 
injection  drill > 46 

XI.  Ay  Type  of  change  house  formerly  common  and  tenned  ''dog 

house";  B,  Changehouseof  new  type  in  course  of  construction.       76 
XII.  Af  Scene  near  Webb  City,  Mo;  B,  The  wat^  wagon  on  its  rounds. .       76 

XIII.  A,  One-room  shack,  occupied  by  two  people;  B,  Two-room  shack, 

occupied  by  two  adults  and  twochildren 78 

XIV .  Af  Three-room  boarding  house ;  B,  MinerB'  homes  of  the  best  class. .       78 
XV.  A,  Photomicrograph,  crosBed  nicols,  of  thin  section  of  dense  gray 

chert;  B,  Photomicrograph,  crossed  nicols,  of  thin  section  of  the 

coarser  gray  chert 102 

XVI.  Ay  Photomicrograph,  crosBed  nicols,  of  thin  section  of  fine-grained 
older  gray  chert,  showing  remains  of  trident-shaped^  sponge 
spicule;  By  Photomicrograph,  crosBed  nicdis,  of  thin  section  of 

jasperoid 102 

FiouBB  1.  Sketch  map  of  southwestern  Missouri  and  parts  of  Kansas  and  Okla^ 

homa,  showing  area  of  active  mining  in  sheet-ground  district  —        5 

2.  Map  of  Webb  City-Carterville  mining  district,  in  which  is  situated  a 

large  proportion  of  the  sheet-ground  mines 6 

3.  Plan  of  workings  in  a  tjrpical  sheet-ground  mine 10 

4.  Methods  of  breaking  ground  in  thick  deposits 11 

5.  Methods  of  breaking  ground  in  deposits  of  medium  thickness 11 

6.  Three  methods  of  placing  drill  holes 12 


PREFACE. 


Soon  after  the  Federal  mining  investigations  into  safety  and 
health  conditions  were  begun^  the  late  Dr.  J.  A.  Hohnes,  who  was  in 
chaige,  had  brought  to  his  attention  the  serious  conditions  that  pre- 
vailed among  the  metal  miners  of  certain  districts,  seemingly  from 
inhaling  siliceous  or  flinty  dust  in  their  underground  work  and  tjiereby 
contracting  pulmonary  diseases.  With  the  assistance  of  the  United 
States  Public  Health  Service,  Dr.  S.  C.  Hotchkiss  made  a  preliminary 
survey  in  Western  mines.  The  result  of  the  preliminary  investi- 
gations indicated  a  widespread  prevalence  of  piilmonary  troubles 
among  metal  miners  in  certain  districts. 

Subsequently  a  special  investigation  was  conducted  in  the  Joplin 
district  of  Missouri  in  the  so-called  ''hard-rock''  or  ''sheet-ground" 
mines.  Dr.  A.  J.  Lanza,  passed  assistant  surgeon  of  the  United 
States  Public  Health  Service,  was  detailed  to  the  Bureau  of  Mines  by 
the  Surgeon  General  to  cooperate  with  Edwin  Higgins,  mining 
engineer  of  the  bureau,  in  conducting  imder  the  general  supervision 
of  George  S.  Rice,  chief  mining  engineer,  a  careful  investigation  of  the 
health  of  the  miners  and  the  effect  of  the  mining  conditions  with 
especial  reference  to  the  prevalence  of  silicosis.  The  investigators 
enlisted  the  heartiest  cooperation  from  the  mine  inspectors  of  Mis- 
souri and  from  the  operators  of  the  Joplin  district.  The  miners 
themselves  also  proved  anxious  to  assist  in  the  inquiry.  Accordingly,  a 
large  amount  of  valuable  information  was  obtained,  which  is  given  in 
ibis  publication.  A  preliminary  report,  published  before  the  inquiry 
was  finished,  appeared  in  Bureau  of  Mines  Technical  Paper  105. 

The  effect  of  the  investigation  and  of  the  cooperation  with  the 
inspectors,  operators,  and  miners  was  remarkably  good.  Regula- 
tions were  adopted  by  the  State  of  Missouri,  and  the  operators,  many 
of  them  willingly,  put  into  effect  many  improvements  and  intro- 
duced appliances  to  allay  the  dust  and  to  lessen  the  exposure  of  the 
men  to  it.  In  consequence,  it  is  believed  that  the  serious  conditions 
that  stiU  prevail  ki  the  district  will  be  rapidljjr  improved  and  that 
the  health  not  only  of  the  miners,  but  of  the  community,  will  be 
improved  thereby. 

The  success  of  the  Joplin  inquiry  has  led  me,  in  conjunction  with 
the  Surgeon  Greneral  of  the  Public  Health  Service,  to  organize  a 
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similar  inquiry  into  the  health  conditions  of  the  Butte  copper  i^ines 
of  Montana,  with  special  reference  to  the  prevalence  of  silicodis, 
as  preliminary  reports  indicate  that  this  disease  is  prevalent  in  that 
district.  It  is  hoped  that,  despite  the  more  serious  conditions  due 
to  the  high  temperatures  in  the  deep  workings,  methods  may  be 
indicated  by  which  the  operators  and  miners  may  improve  the  health 
conditions,  as  has  been  done  so  successfully  in  the  Joplin  district. 

Van.  H.  MAimiNG. 


SILICEOUS  DUST  IN  RELATION  TO  PULMONARY  DISEASE  AMONG 
MINERS  IN  THE  JOPLIN  DISTRICT,  MISSOURI. 


By  Edwin  Higgins,  A.  J.  Lanza,  F.  B.  Laney,  and  Geohge  S.  Rice. 


MINING  OPERATIONS  AS  RELATED  TO  PRODUCTION  OF  SILICEOUS 

DUST. 

By  Edwin  Hiqoins. 


INTBODT7CTION 

Under  its  organic  act  the  Federal  Bureau  of  Mines  is  directed  to 
conduct  investigations  relating  to  the  improvement  of  health  con- 
ditions in  the  mineral  industries.  This  report  describes  the  lead  and 
zino  deposits  and  the  mining  methods  employed  in  the  sheet-ground 
area  of  the  Joplin  district^  Missouri,  and  discusses  the  causes  and  the 
methods  of  abating  rock  dust  in  the  mines,  the  chemical  and  physical 
characteristics  of  the  dust,  and  the  quantities  present  in  mine  air. 
Although  the  preliminary  investigation  included'  a  number  of  the 
'*soft-groimd"  mines,  the  writer  spent  the  larger  part  of  his  time  in 
the  sheet-ground  mines,  for  in  them  alone  was  siUceous  dust  found  in 
appreciable  quantities.  Some  results  of  the  preUminary  investiga- 
tion have  been  published  by  the  Bureau  of  Mines  in  Technical 
Paper  105.» 

The  territory  covered  in  the  preUminary  investigation,  during  the 
period  between  November  7  and  December  6, 1914,  embraced  parts  of 
Jasper,  Lawrence,  Newton,  and  Greene  Counties,  Mo.,  and  outlying 
districts  in  Kansas  and  Oklahoma.  The  remainder  of  the  field  work, 
to  which  84  days  during  the  period  from  February  9  to  July  19, 1915, 
were  devoted,  was  confined  to  the  sheet-ground  mities,  the  most 
important  of  which  are  situated  in  the  vicinity  of  Joplin,  Webb  City, 
Carterville,  and  other  smaller  near-by  towns  in  Jasper  County,  Mo. 
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the  rock-dust  sftmpling  device  and  for  supervision  of  the  analysis  of 
air  samples;  to  A.  C.  Pieldner,  chemist,  for  directing  the  chemical 
and  sizing  tests  and  the  weighing  of  the  rock-dust  samples;  and  to 
Reinhardt  Thiessen,  assistant  chemist,  for  the  microscopic  work. 

GBNBBAL  IN70BMATI0N. 

In  1914,  as  shown  in  Table  1,  the  total  number  of  employees  in 
Greene,  Jasper,  Lawrence,  and  Newton  Counties,  Mo.,  was  5,369. 
This  was  a  decrease  of  982  as  compared  with  1913. 

Table  1. — Number  of  employees,  wages  paid,  tonnage,  and  vcdue  of  ores  {eonqpntnUes) 

mined  in  the  Joplxn  district  during  1914.^ 


Number 
of  miners 

em- 
ployed. 

Average 
dally 
wage. 

Nnmber 
of  other 

em- 
ployees. 

AYeraga 

daOy 
wage. 

Total 
number 

of  em- 
ployees. 

Zinc  (blende). 

Coimty. 

Amount 

mined, 

tons. 

Value. 

Orefloe. 

14 

3,400 

29 

234 

12.00 
2.60 
2.00 
2.38 

7 
S58 

20 
127 

t2L80 
2L60 
2.25 
2.50 

....  .^. 

49 
864 

800 

136,646 

146 

7,731 

830,500 

Jasper 

5,370,8» 

2,780 

K^Wt^ffl .  .  .    r 

216.387 

Total 

3,737 

607 

6^300 

145,323 

5^620,537 

Zinc  silicate 
(calamine). 

Lead  (salena). 

DrybflDe 
(smithsGnite). 

Total 
Tslueof 

County. 

Amount 

mined, 

tons. 

Valoe. 

Amount 

mined, 

tons. 

Value. 

Amount 

mined, 

tons. 

Value. 

all  min- 
erals 

Orecne.... 

100 
1,474 

$5,646 

087,229 

240 

64,023 

138,  Itf 

Jasper 

1,603 

7,868 

11,505 

125,266 

27,291 

268,902 

830 

261 

81 

^101 
2,236 

6,337,388 

Lawrence 

Newton 

522,858 

Total 

20,006 

321,448 

20,358 

998,038 

672 

» 

24,361 

6.034.801 

<>  Taken  from  the  Twenty-eighth  Annual  Report  of  the  Bureau  of  Mines,  Mining,  and  Mine  Inspection, 
of  the  State  of  Missouri. 

Because  of  au  unprecedented  demandfor  zinc  ore  in  the  first  half 
of  1915,  occasioned  by  the  war  in  Europe,  the  number  of  men  em- 
ployed in  and  about  the  mines  probably  increased  30  per  cent, 
many  abandoned  mines  were  reopened,  and  new  development  work 
was  started.  In  short,  the  mining  throughout  the  district  became 
more  active  than  ever  before. 

Table  2,  which  gives  the  number  and  location  of  the  active  mines 
in.  the  State  pf  Missouri  on  May  1,  1915^  shows  that  the  mmiber  of 
sheet-groimd  mines  in  operation  had  increased  to  55  and  the  number 
of  employees  to  926  on  the  surface  and  2,744  under  ground.  The  total 
number  of  employees  in  all  types  of  mines  increased  to  6,914;  this 
total  does  not  take  into  accoimt  an  unknown  number  of  prospectors 
and  "gougers." 
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Tablb  2. — Location  and  number  of  employees  of  active  mtnes  in  eouihwestem  MiMOuri 

in  May,  1915. 


Location. 


Town. 


JqpUn , 

WeobCity..., 
Cartervllle.... 

Dttenwee 

Neck  City 

Onmogo 

Frosptfity. 

Cartnage 

CarlJimctlan.. 

Alba 

Porto  Rico 

Sarcoxle 

Spring  City.... 

Grancfv 

Melva 

Springfield 

Aurora 


Total 

Total  for  Ko- 
T«mbaT,lM4a 


Coonty. 


Jasper. 
Mo. 


do.... 

do.... 

do.... 

.....do.... 
.....do..., 
.....do.-.. 
.....do.... 

do.... 

do.... 

do.... 

Newton... 

do.... 

Taney 

Greene — 
Lawrence. 


Nnmber 

of  active 

opera* 

tlODB, 

sheet 
ground. 


11 

10 

0 

4 


2 
10 


1 
6 


Nnmber  <tf  em- 
ployees, sfaeet 
ground. 


Surface. 


132 

237 
170 

n 


48 
152 


20 


55 

51 


025 

774 


Under- 
ground. 


390 
705 
606 
217 


140 
334 


35 


2,744 
2,475 


Number 

of  active 

openip 

tlQOS, 

dissemi- 
nated 
and 
others. 


40 
7 

15 

20 

9 


8 
5 
2 
4 
2 
1 
6 
8 
1 
3 
6 


137 
118 


Number  of  em^ 
ployees,  dissemi- 
nated and  other 
mines. 


Surfsoe. 


425 

50 

85 

115 

112 


25 
40 
10 
88 
15 
9 
86 
61 
10 
23 
40 


1,144 
1,063 


Under- 
ground. 


740 
110 
150 
180 
230 


40 
75 
20 
66 
20 
15 
177 
127 
20 
45 
85 


2,100 
1,986 


a  Lanza.  A.  J.,  and  Higgins,  Edwin.  Pulmonary  disease  among  miners  in  the  Jqplin  district,  Missouri 
and  its  relation  to  rock  dust  in  the  mmes;  a  preliminary  report:  Tech.  Paper  105,  Bureau  of  Junes,  1915. 
p.  14. 


FiQUBx  1.— Sketch  map  of  southwestern  Missouri  and  parts  of  Kansas  and  Oklahoma,  showing  area  of 

a«(lse  minla^  in  sheet-ground  district. 

Several  counties  in  southwestern  Missouri  and  closely  adjoining 
parts  of  Kansas  and  Oklahoma  are  shown  in  figure  1.  Figure  2 
shows  the  territory  from  Oronogo,  Jasper  County,  Mo.,  southeasterly 
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through  Webb  City,  Carterville,  Prosperity,  Porto  Rico,  and  Duenweg, 
wherein  are  situated  a  large  proportion  of  the  sheet-ground  mines. 


FiQVBB  2.— Map  of  Webb  City-Carterville  mining  district,  in  wliich  is  aituated  a  luge  proportion  of  tlie 

sheet-ground  mines. 

The  area  and  extent  of  the  sheet-ground  district  has  been  desoribed 
by  Siebenthal  ^  in  his  report  on  the  JopUn  district. 

o  Biebentbal,  C.  E.,  Joplin  district,  M isBoari,  U.  8.  Geol.  Survej  Folio  148, 1907, 
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aSOLOGY  AND  OBB  DEPOSTTS. 

Details  of  the  geology  of  the  Joplin  district  may  he  found  in  Yaiious 
publications,'  and  have  been  briefly  discussed  in  Technical  Papers 
41  ^  and  105/  The  following  statements  are  general,  but  bring  out 
some  of  the  more  important  features. 

The  ore  deposits  may  be  divided  broadly  into  two  classes: 
(a)  Those  termed  "sheet-ground  deposits"  (in  chert),  and  (J)  those 
m  which  the  ore  lies  in'  ''runs"  or  irregular  pockets  (in  limestone). 
As  regards  prevalence  of  siUceous  dust,  the  latter  deposits  need  not 
be  seriously  considered.  In  Jasper  County,  where  are  the  greater 
number  of  sheet-ground  mines,  the  ore  deposits  occur  chiefly  in 
the  (jxand  Falls  member  of  the  Boone  chert,  a  formation  in  the  Missis- 
sippian  series  of  the  Carboniferous  system.  The  sheet-ground 
deposits  consist  of  bedded  chert  in  layers  a  few  inches  to  30  inches 
thick,  which  lie  almost  horizontally.  The  ohert  beds  range  from 
6  to  30  and  sometimes  45  feet  in  thickness. 

The  ''runs"'  or  irregular  bodies  of  ore  occur  in  both  hard  and  soft 
ground.  As  a  rule  they  lie  at  shallower  depths  than  the  sheet- 
ground  deposits,  but  in  places  they  he  directly  below  the  chert,  and 
although  the  ore  is  closely  associated  with  chert  the  ground  may,  or 
may  not,  consist  largely  of  limestone  in  the  form  of  bowlders  or 
masses. 

The  following  description^  of  the  rock  composing  the  sheet 
ground  is  of  interest  as  bearing  on  the  nature  of  the  dust  produced: 

The  typical  Grand  Fallfl  chert  of  the  Boone  formation  ia  of  the  splintery,  fredi, 
unaltered  appealing  type  known  as ' '  live  "  or  ' '  butcher-knife ' '  flint.  Much  of  it  haa 
been  thoroughly  cruahed  in  pl^ce  and  recemented  with  a  darker  bluish  siliceoua 
cement,  the  original  bed  remaining  practically  undisturbed.  Where  the  chert  haa 
been  subjected  to  rather  sharp  deformation  instead  of  suffering  simple  brecciation,  it 
loses  its  bedded  character  and  becomes  gnarled  and  knotted  in  structure,  weathering 
with  a  very  rough  surface. 

a  Schmidt,  A.,  and  LMoard,  A.,  L«ad  and  sine  regloDB  of  MXitlnrBstHn  MJsmutI:  liitMori  Q«oL  Sunrsyy 
vol.  1, 1874,  pp.  381-<603;  Winslow,  A.,  L«ad  and  dno  deposits:  Missouri  Oeol.  8urv«y,  vols.  6,  7, 18M; 
Jenney,  W.  P.,  Lead  and  zinc  deposits  of  the  Mississippi  Valley:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  22, 
1S9},  pp.  171-226,  e42-«46;  Bain,  H.  F.,  Van  Hise,  C.  R.,  and  Adams,  Q,  I.,  Preliminary  report  on  thelead 
And  zinc  d^osits  of  tbe  Osark  region:  Twenty-eeoond  Ann.  Kept.  U.  8.  Oeol.  Survey,  pt.  2, 1901,  pp.  2^ 
228;  Smith,  W.  8.  T.,  Lead  and  zinc  deposits  of  the  Joplin  district,  Missouri-Kansas:  U.  8.  Geol.  Survey 
SqU.  213, 1903,  pp.  197-204;  BncUeiy,  £.  R.,  and  Buefaler,  H.  A.,  Geology  of  the  Oranby  area:  Missouri 
Buretn  Qeology  and  Mines,  2d  ser.,  vol.  4, 1900,  p.  67;  Haworth,  Erasmus;  Crane,  W.  R.;  Rogers,  A.  F.; 
BQd  others,  Special  report  on  lead  and  dnc:  Univ.  Geol.  Survey  Kansas,  vol.  7, 1904,  pp.  20, 45, 48, 484. 

^  Wrj^t,  C.  A.,  Mining  and  tfeatment  of  lead  and  zinc  ore  in  the  JopUn  district,  Mtoouri,  a  preUmimry 
nport:  Tech.  Paper  41,  Buiteu  of  Mhies,  1013,  pp.  9>11. 

c  Lttnia,  A  J.,  and  Higgfais,  Edwin,  Pulmonary  disease  among  miners  in  the  Joplin  district,  Missouri^ 
and  n»  rtlatlen  to  rock  dost  in  the  mines:  Tech.  Paper  105,  Bureau  of  Mines,  WLB,  pp.  I6-1S. 

*  Bltbcnthal,  C.  E.,  TopUn  diatrkt,  Miasonri,  U.  8.  Geol.  Survey  Folio  148, 1907. 
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The  following  record  of  a  drill  hole  near  Carterville,  Mo.,  in  the 
heart  of  the  sheet-ground  area,  shows  45  feet  of  sheet  ground: 

Record  of  drill  hole  near  CartervUle^  Mo. 

Feet. 

SoU 2 

Yellow  clay 18 

Gravel 10 

Yellow  clay 10 

Soapstone 64 

Chert  and  dolomitic  limestone,  in  alternate  layers 116 

True  dieet  ground 45 

Dolomitic  limestone 25 

290 

The  sheet  ground  varies  in  depth  below  surface,  in  thickness,  and 
in  the  number  of  beds  that  may  be  encountered.  In  the  principal 
area,  in  the  vicinity  of  Joplin  and  the  towns  between  Oronogo  and 
Duenweg,  it  may  lie  anywhere  from  140  to  240  feet  below  the  surface, 
and  may  be  divided  into  two  or  more  beds,  with  limestone  between. 
In  other  parts  of  the  district,  however,  because  of  differences  in  the 
dip  of  the  strata  and  erosion,  the  sheet  ground  is  encountered  at 
depths  of  less  than  100  feet. 

Sphalerite,  or  zinc  sulphide,  locally  termed  "jack,"  and  galena,  or 
lead  sulphide,  termed  "lead,"  .are  the  valuable  minerals  of  the  ore 
bodies.  These  minerals  are  usually  closely  associated,  but  in  widely 
varying  proportions,  in  well-defined  bands  a  fraction  of  an  inch  to  6 
inches  thick,  which  lie  between  the  bedding  planes  of  the  flint  at 
varying  intervals.  An  ore  body  may  consist  only  of  <me  band  of 
mineral,  or  it  may  be  made  up  of  two  or  more  bands  at  varying  dis- 
tances apart. 

PBOsPBcrma  and  development  wobx. 

As  the  surface  is  comparatively  level,  and  soil,  cday,  sand,  and 
bowlders  extend  to  varying  depths,  rock  outcrops  are  seldom  seen. 
Chum  drilling  has  been  found  to  be  the  most  satisfactory  metiiod  of 
prospecting.  Although  such  drilling  is  well  adapted  to  the  flat-lying 
ore  deposits,  the  results  obtained  may  be  misleading  unless  enough 
holes  are  drilled.  As  a  rule  the  ore  deposits  are  not  pockety,  but  a 
single  drill  hole  may  pass  through  an  ore  body  at  a  point  where  it  is 
richer,  or  much  leaner,  than  the  average. 

Keystone  and  Star  chum  drills  are  chiefly  in  use.  Usually  a  hole 
is  started  with  6-inch  and  finished  with  4-inch  casing.  Rarely  is 
drilling  continued  below  the  sheet  ground,  so  that  there  are  few  drill 
holes  in  the  sheet-ground  district  deeper  than  250  feet.  DriUing 
costs  from  90  cents  to  $1  per  foot,  llie  average  time  required  to 
drill  a  200-foot  hole  is  about  two  weeks. 
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After  the  location  of  the  ore  body  by  drilling,  a  shaft,  measuring 
usually  4  by  5  to  5  by  7  feet  inside  the  timbers,  is  sunk.  In  sinking 
8haft3,  comer,  side,  and  sump  holes  are  drilled;  only  one  set  of 
sump  holes  is  required  in  soft  ground.  Shafts  are  timbered  as  far 
down  as  the  limestone  with  2  by  4  inch  rough  lumber  placed  crib 
fashion,  without  special  framing,  on  the  four  sides  of  the  shaft,  the 
space  between  the  2  by  4  inch  timbers  being  filled  with  short  pieces 
of  the  same  material.  PracticaUy  no  blocking  is  used,  but  the  crib- 
bing is  strengthened  by  2  by  4  inch  lumber,  one  or  two  strips  of 
which  are  nailed  against  each  side  of  or  in  the  corners  of  the  shaft, 
and  extend  from  the  coUar  to  the  bottom  of  the  timbering.  No  lad- 
ders are  used  in  the  shafts.  Men  are  raised  and  lowered  in  buckets 
and  supplies  and  machinery  either  in  the  bucket  or  with  the  cable. 
No  guides  or  crossheads  are  used,  buckets  being  allowed  to  swing 
freely  in  their  passage  through  the  shaft.  Water  columns,  air  Hues, 
and  electric-power  lines,  when  used,  are  usually  placed  in  a  comer  of  the 
shaft.     Plate  I,  A,  shows  a  prospector  operating  a  horse  whim  by  hand. 

At  the  bottom,  a  station  is  cut,  pillars  are  left  to  protect  the  shaft, 
and  mining  is  begun.  As  a  rule,  development  follows  the  ore,  and  a 
mine  may  be  developed  in  one  or  more  di]:ections  from  the  shaft; 
however,  it  is  usually  possible  to  work  in  all  directions.  This  permits 
almost  any  arrangement,  as  far  as  trackage  and  layout  of  station  are 
concerned,  that  may  be  desired.  The  **ground"  (rock)  is  drilled  and 
blasted  down  and  the  resulting  ^'dirt"  (broken  rock)  is  shoveled  into 
''  cans"  (buckets).  The  cans  are  trammed  singly  by  hand,  or  in  trips 
by  power  or  mules,  to  the  shaft  station,  where  they  are  hooked  onto 
the  cable,  hoisted  to  the  top  of  the  ''derrick"  (headframe),  and 
dumped  onto  a  5  or  6  inch  grizzly.  The  dirt  then  starts  on  its  way 
through  the  mill.  With  a  few  slight  modifications,  this  may  be  said 
to  be  the  method  followed  in  all  the  sheet-ground  mines. 

The  surface  works  of  a  mine  near  Carterville  are  shown  in  Plates 
II  and  III. 

MININa  HETHODS. 

The  winning  of  ore  in  the  mines  presents  no  great  problem,  only 
the  excavation  and  removal  of  varying  thicknesses  of  cherty  flint 
from  comparatively  shallow  depths.  Probably  the  greatest  diffi- 
culties encoimtered  are  in  drilling  and  blasting  the  tough  flint,  much 
of  which  contains  fissures.  Experience  has  shown  that  it  is  much 
cheaper  to  mine  from  many  shafts  simply  equipped,  rather  than  to 
utilize  fewer  shafts  of  more  elaborate  equipment.  Probably  300  feet 
is  a  fair  average  for  the  distance  between  shafts.  The  workings  of  a 
typical  sheet-ground  mine  present  the  appearance  of  a  large  hori- 
zontal chamber,  the  roof  being  supported  by  pillars  that  differ  in 
size  and  spacing  according  to  the  nature  of  the  rock  and  the  height 

31222^—27 2 
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of  the  roof.  The  height  of  the  workings,  of  course,  depends  on  the 
thickness  of  the  pay  dirt;  the  lateral  dimensions  on  the  extent  of  the 
ore  body.  A  plan  of  the  workiiigs  of  a  typical  mine  is  shown  in 
figure  3. 

The  methods  of  mining  used  can  be  divided  into  what  may  be 
termed  heading  work,  in  which  the  rock  is  broken  from  floor  to 
roof  with  a  single  round  of  holes;  and  mining  by  stope  (bench) 
and  heading,  the  heading  being  carried  above  and  in  advance  of 
the  stope.  Without  reference  to  the  method  of  breaking  the 
ground,  the  term  ^'  long^all  advancing ''  is  apphcable  to  the  manner 
of  carrying  the  face. 

BREAKING  GROUND  IN  THE   HEADING. 

Deposits  of  from  7  to  18  feet  in  height  are  usually  broken  with 
a  single  roimd  of  shots,  the  face  being  carried  vertically.  Although 
the  stope  and  heading  method  is  used  in  some  of  the  mines,  where 


FiouBX  3.— Plan  of  workings  in  a  tsrplcal  sheet-ground  mine. 

the  deposit  is  15  to  18  feet  thick  (see  A,  fig.  4),  the  tendency  in 
recent  years  has  been  to  carry  only  a  heading.  The  method  of 
carrying  the  face  and  placing  drill  holes  in  heading  work,  the  system 
most  commonly  employed,  is  shown  in  figure  5.  The  plan  of  the 
working  face  (A,  fig.  5)  is  irregular  in  outline,  as  obviously  the  ground 
breaks  more  easily  when  an  irregular  face  is  carried. 

The  condition  and  shape  of  the  face  are  the  main  factors  in  deter- 
mining the  number  and  location  of  drill  holes;  three  to  sbc  holes  con- 
stitute a  round.  Three 'common  methods  of  placing  holes  are  shown 
in  figure  6.  The  numbers  indicate  the  order  in  which  the  holes  are 
fired.  The  upper  holes  are  called  roof  holes;  those  midway  between 
the  roof  and  floor,  breast  holes;  and  those  near  the  floor,  stope  holes. 

In  the  6-hole  round.  No.  1  is  termed  the  rehef  hole;  ;?,  the  front 
breast;  5,  the  front  stope;  ^,  the  back  roof;  5,  the  back  breast;  and  6, 


.    PROSPECTOR  NEAR  CARTERVILLE.  WO.,  OPERATING  HORSE  WHIU  BY  HAND. 


B.    MEARLV  COMPLETED  DR^-AI 
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the  back  stope  hole.    The  holes  are  drilled  approximately  parallel 

to  what  might  be  termed  a  Bubface,  and  are  6  to  15  feet  long, 

corresponding     in     length 

roughly  to  the  height  of  the 

roof.     The  dotted  lines  at 

the  points  a  and  b  (A,  fig.  5) 

indicate  the  groimd    that 

will  be  broken  by  the  roxmds 

of  shots  at  those  places. 


Deposits  15  to  30  feet  or 
more  in  thickness  are  usu- 
ally mined  with  a  stope 
(bench)  and  heading.  The 
methods  used  in  one  of  the 
larger  mines  are  typical  of 
the  practice  in  the  entire 
district.  At  this  property 
the  mineralized  ground  is 
24  feet  thick.  The  usual 
method  of  breaking  the 
ground  is  shown  in  figure  4 
(B) .  The  ohert  isunif ormly  ^"""*  *->i*0'^  -^  tf^kiog  e™nd  in  thick  d,p<»it». 
hard,  with  the  exception  of  a  small  band  of  what  is  called  "cotton 
rock"  in  the  floor  of  the  heading.  The  roof,  which  consists  of  3  to 
4  feet  of  chert,  is  considered  good;  limestone  lies  above  the  chert. 

The  heading  is  carried 
8  feet  high  and  15  to  20 
feet  in  advance  of  the 
stope,  the  drill  holes  being 
7   to   8   feet    long.     The 
bench  or  stope  is  16  feet 
thick,  and  is  broken  with 
stope  and ' '  splitter ' '  holes 
18  feet  in  length.    The 
sphtter   hole   is   pointed 
slightly  up  ward;  the  stope 
hole  slightly   downward. 
Theseholes  arechambered 
three  or  four  times  with  charges  ranging  from  4  or  5  sticks  of  dyna- 
mite for  the  first  charge  to  about  30  sticks  for  the  last  one.    When 
ready  for  blasting  each  hole  will  contain  from  3  to  4  boxes  (150  to 
200  pomids)  of  dynamite.    With  such  chaises,  two  stope  imd  two 


r///////^-^/'/'^^^<i 


^^^A^a^^^^t:^ 


Fiamtx  e.— Uvlhods  ol  bnoklng  ground  In  deposits  of  nudlmn 
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splitter  holes  will  break  the  16-foot  bench  across  a  width  of  10  to  12 
feet.  In  this  mine  an  18-foot  hole  has  been  drilled  in  1^  houis,  bnt 
holes  of  this  depth  where  the  chert  contained  many  fissnras  have 
required  as  much  as  8  hours. 

In  another  part  of  this  mine  a  practice  was  noted  that  is  not  usual  in 
the  district.  The  chert  at  that  place  is  also  24  feet  thick,  but  the 
upper  12  feet  of  the  deposit  is  extremely  tough.  The  heading  is  car- 
ried in  the  soft  ground  below,  and  the  stope  or  bench  aboTe,  each  12 
feet  high,  as  shown  in  figure  4  (C).  The  heading  is  carried  in  the 
usual  way,  the  drill  holes  being  12  feet  in  length.    The  upper  part,  in 


f>4     •/ 

•4    0/ 

•2 

•5    '2 

.2 

•4    •/ 

•6    03 

<k5    «3 

•3 

Fioimi  6.~TlirM  methods  of  pladns  difll  IioIbs. 

this  case  the  stope,  is  broken  with  roof  and  splitter  holes  12  to  14  feet 
long.  The  splitter  holes  are  chambered,  but  the  roof  holes  are  left  as 
drilled  for  fear  of  loosening  the  roof.  This  stope  is  carried  from  50  to 
100  feet  back  of  the  heading.  This  method  of  T"'"'Tig  is  much  less 
costly  than  the  first  one  described.  Five  machines  here  produce  an 
average  of  650  (1,000-pound)  buckets  of  dirt  in  8  hours.  This  amount 
of  dirt  is  loaded  by  11  shovelers. 

In  some  places,  after  a  certain  thickness  of  ground  has  been  worked, 
further  prospecting  shows  pay  dirt  in  the  floor.  To  mine  this 
lower  stratum  all  that  is  necessary,  after  cutting  out  the  floor  at  the 
shaft  station,  is  to  drill  and  blast  long  stope  holes  or  lifters.  This  pro- 
cedure is  called  '^  taking  up  stope,''  and  is  a  very  cheap  method  of 
mining.  One  machine  will  produce  as  much  dirt  as  eight  machines  in  , 
the  heading;  also,  the  cost  of  explosives  is  much  less  than  in  the  i 
heading.  *  I 

DRILLING.  I 

All  drilling  is  done  with  machine  drills  operated  at  air  pressures  of  j 
60  to  90  pounds  at  the  machine.    A  large  proportion  of  the  drills  are 
of  the  solid-steel  piston  type ;  also  successful  experiments  have  recently 
been  made  with  water-injection  hammer  drills. 

For  heading  work  the  machine  is  mounted  on  a  cohmm;  for  stope 
work  a  tripod  is  used.  A  compilation  of  drilling  reconis  from  practi- 
cally all  of  the  sheet-groimd  mines  shows  that  one  machine  will  drill 
20  to  35  foet  per  shift  and  produce  35  to  45  tons  of  dirt,  depending  on 
the  nature  of  the  ground. 
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SQUIBBINQ,    BLOWING  HOLES,   BLASTING. 

"Shelly"  ground  and  fissured  ground  cause  the  drill  steel  to  stick. 
The  drill  helper  usually  tries  to  prevent  this  sticking  hy  repeatedly 
striking  the  drill  steel  with  some  heavy  tool.  If  this  fails  to  make  it 
work  freely,  the  general  practice  is  to  remove  the  drill  and  fire  a  stick 
or  two  of  dynamite  in  the  hole.  This  practice,  called  ''squihbing/'  is 
one  of  the  chief  causes  of  aiUceous  dust  in  the  mines.  Although  squib- 
bixig  is  an  effective  method  of  cleaning  holes,  it  is  usually  imnecessary, 
because  in  most  cases  the  sticking  of  the  drill  steel  may  be  remedied  by 
properly  aligning  the  machine.  Also,  squibbing  is  expensive  because 
it  uses  up  explosive  and  causes  the  drill  crew,  together  with  the 
shovelers  and  other  drill  crews  near  by,  to  lose  3  to  10  minutes'  time, 
for  these  men  must  all  leave  their  working  places  and  seek  safety 
behind  a  piUar  when  the  squib  is  fired. 

Owing  to  the  toughness  of  the  chert,  the  drill  holes  must  be  cham- 
bered in  order  that  sufficient  dynamite  may  be  introduced  into  the 
hole  to  break  the  ground.  The  chambering  of  holes  is  also  referred  to 
as  squibbmg. 

Practice  varies  in  the  different  mines,  but  it  has  been  found  most 
satisfactory  to  drill  a  round  of  holes,  squib  or  chamber  them  when 
the  men  leave  the  mine,  and  shoot  them  at  the  end  of  the  following 
shifty  so  that  a  round  of  holes  is  drilled  one  shift  before  blasting.  If 
squibbing  or  blasting  is  done  while  men  are  underground,  they  are 
exposed  to  an  atmosphere  containing  noxious  gases  from  the  blasts 
and  large  quantities  of  sihceous  dust. 

At  various  intervals,  but  chiefly  before  squibbing  or  blasting,  it  is 
necessary  to  remove  the  cuttings  from  the  drill  hole.  A  pipe  attached 
to  the  compressed-air  line  is  inserted  in  the  drill  hole,  the  air  turned 
on,  and  the  pipe  worked  backward  and  forward  until  all  the  cuttings 
have  been  Uown  out.  This  practice  effectively  cleans  the  hole,  but 
unless  it  has  been  thoroughly  wet  the  workings  in  the  vicinity  will  be 
filled  with  a  dense  doud  of  dust. 

Ammonia  and  gelatin  dynamites  of  33  to  40  per  cent  strength  are 
used  in  most  of  the  mines,  the  ammonia  dynamite  for  dry  and  the 
gelatin  for  wet  holes.  In  exceptional  cases  stronger  dynamites  are 
used  in  long  stope  holes.  In  some  of  the  mines  ''80  per  cent"  gela- 
tin dynamite  is  used  for  squibbing. 

In  TTiming  sheet  ground  the  explosives  constitute  one  of  the  chief 
items  of  expense,  varying  from  20  to  as  much  as  30  per  cent  of  the 
total  cost.  A  box  of  50  pounds  of  dynamite  will  break  from  30  to  45 
tons  of  dirt,  according  to  the  nature  of  the  groimd  and  the  kind  of 
face  carried* 
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PILLABS. 

The  chief  factors  to  be  considered  in  determining  the  size  and 
frequency  of  pillars  are  the  nature  of  the  ground,  the  thickness 
of  the  deposit,  and  the  character  of  the  roof.  No  set  rule  governs 
the  practice,  pillars  being  left  as  conditions  may  require.  In  some 
of  the  mines  the  roof  is  very  good,  but  in  others  the  cherty 
flint  tends  to  fall  readily;  usually  when  the  roof  falls  it  comes  down 
in  slabs  3  to  30  inches  thick.  In  some  of  the  old  workings  of  the 
sheet-ground  mines  pillars  100  feet  or  more  apart  may  be  seen. 
In  some  of  these  places  the  roof  has  fallen  over  a  large  area  in  sheets 
1  to  2  feet  thick. 

The  tendency  in  recent  years  has  been  to  leave  pillars  40  to  60 
feet  apart,  arranged  in  ''five-spof  form.  This  arrangement  sup- 
ports a  slabby  roof  better  and  is  superior  to  the  method  used  in 
fonner  years  of  placing  pillars  in  well-defined  rows.  Some  idea  of 
the  arrangement  of  pillars  may  be  obtained  from  figure  3,  which 
also  shows  pillars  in  the  making.  Ten  to  thirty  per  cent  of  the 
ground  is  left  for  piUars.  In  some  of  the  mines  leasers  are  allowed 
to  clean  up  floors  and  piUars  after  company  work  has  ceased.  The 
leasers  usually  cut  the  pillars  down  to  a  width  that  allows  little  or 
no  factor  of  safety.  Some  serious  caves  have  resulted  from  this 
practice,  and  were  it  not  for  the  vigilance  of  the  mine  inspectors 
caves  would  be  more  frequent. 

In  leaving  shaft  pillars  sufficient  attention  is  not  always  given 
to  convenience  of  future  operation.  In  some  of  the  mines  where 
the  ground  around  the  shaft  station  was  very  rich,  rock  has  been 
removed  that  should  have  been  left.  In  exceptional  cases  shafts 
have  been  left  almost  entirely  unprotected.  Figure  3  shows  two 
different  arrangements  of  shaft  pillars.  The  shaft  on  the  left  is 
protected  by  two  oblong  pillars.  In  deposits  of  medium  thickness^ 
the  shaft  pillars  would  be  about  20  feet  wide  and  30  feet  long;  in 
thicker  deposits  they  would  be  larger.  The  shaft  shown  on  the 
right  is  protected  by  four  circular  pillars,  a  desirable  arrangement, 
as  it  permits  haulage  in  any  direction.  Pillars  so  arranged  would 
range  from  about  20  feet  in  diameter  for  deposits  of  medium  thick- 
ness to  30  feet  for  thicker  deposits. 

SHOVELING,  TRAMMING,  AND  HOISTING. 

The  broken  ore,  or  dirt,  is  shoveled  into  buckets  holding  1,000 
to  1,650  poimds  and  trammed  on  small  trucks  to  a  switeh,  cdled 
the  lay-by,  near  the  face.  From  the  lay-by  the  trucks  are  usually 
hauled  to  the  shaft  by  mules  or  power,  but  frequently  the  shoveler 
trams  the  bucket  to  the  shaft. 
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Most  of  the  ore  breaks  in  pieces  small  enough  for  shoveling,  but 
there  are  many  large  bowlders.  Bowlders  that  can  not  be  broken 
with  a  sledge  are  blasted.  This  practice  is  known  as  ''bowlder 
poppmg." 

lie  shovelers,  or  ''cokeys,"  as  they  are  called,  are  paid  by  the 
bucket,  and  load  30  to  70  or  80  buckets  in  an  8-hour  shift.  There 
are  some  records  of  one  man  loading  90  and  even  100  buckets  and 
more  per  shift.  The  average  day's  work  for  a  shoveler  in  all  the 
sheet-ground  mines  is  22  tons  per  8  hours. 

The  track  gage  ranges  from  12  to  24  inches,  8  to  12  pound  rails 
being  used.  There  are  two  methods  of  spotting  the  loaded  truck 
at  the  shaft  station.  The  truck  carrying  the  bucket  may  be  stopped 
under  the  exact  center  of  the  shaft,  so  that  it  is  not  necessary  to 
balance  or  steady  the  bucket  after  it  leaves  the  truck.  The  de- 
scending empty  bucket,  however,  must  be  drawn  to  one  side  before 
it  is  landed.  The  other  method  is  to  place  the  truck  for  the  empty 
bucket  in  the  center  and  stop  the  loaded  bucket  to  one  side  of  it. 
In  this  method  it  is  necessary  to  center  the  loaded  bucket  after  it 
leaves  the  truck. 

The  ' '  derricks "  or  headf rames  range  from  40  to  70  feet  in  height, 
depending  on  the  elevation  at  which  the  dirt  must  be  delivered  to 
the  mill. 

Geared  hoists,  operated  either  by  steam  or  electricity,  are  commonly 
used.  There  are  some  first-motion  steam  hoists.  The  hoist  is  in- 
stalled near  the  top  of  the  "derrick"  in  such  a  position  that  the  hoist 
engineer  from  his  seat  at  the  throttle  or  controller  has  an  unob- 
structed view  to  the  bottom  of  the  shaft.  The  hoisting  rope  is  usu- 
ally one-half  to  five-eighths  of  an  inch  in  diameter  and  of  steel. 
When  a  truck  with  a  loaded  bucket  reaches  the  shaft  station,  the 
"tub  hooker"  or  station  tender  attaches  the  cable  hook  to  the  bail 
of  the  bucket,  which  is  then  hoisted  to  the  top  of  the  derrick,  drawn 
to  one  side  by  means  of  a  hook  attached  by  the  engineer  to  a  ring  in 
the  bottom,  and  quickly  dumped,  the  ore  falling  on  an  inchned  grizzly 
with  bars  spaced  5  to  6  inches.  The  bucket,  without  having  been 
removed  from  the  cable,  is  immediately  returned  to  the  shaft  and 
lowered  to  the  bottom,  where  it  is  immediately  detached  from  the 
cable  and  a  loaded  bucket  made  fast. 

In  hoisting  dirt  an  efficient  heist  man  and  tub  hooker  work  to- 
gether with  practically  no  loss  of  time.  Dirt  is  hoisted  without 
signals,  the  engineer  apparently  knowing  just  how  much  time  to 
allow  for  the  changing  of  the  cable  hook  from  the  emptgr  to  the  loaded 
bucket.  It  is  common  practice  to  raise  and  dump  120  buckets  or 
more  in  one  hour. 
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The  fact  that  the  engineer,  from  his  place  at  the  throttle  or  lever, 
has  an  imobstnicted  view  of  the  bucket  as  it  passes  through  the 
shaft  makes  for  safety.  Should  the  bucket,  loaded  either  with  dirt 
or  men,  approach  the  sides  of  the  shaft  too  closely,  the  engine  may  be 
stopped  or  the  speed  lessened.  In  some  of  the  mines  there  is  in  the 
shait  station  an  alarm  gong,  which  may  be  sounded  by  a  push  button 
convenient  to  the  engineer.  In  case  a  bucket  of  dirt  is  overturned 
in  the  shaft  he  is  thus  enabled  to  warn  the  tub  hooker  and  any  others 
who  may  be  in  danger  at  the  shaft  station. 

KINE  WATER. 

Records  of  the  various  mines  examined  show  that  quantities  of 
water  are  pumped  ranging  from  a  few  gallons  up  to  as  high  as  1,500 
gallons  per  minute.  In  some  places  one  pumping  plant  handles  the 
water  from  several  mines.  The  amount  of  water  made  by  a  mine, 
however,  is  no  indication  of  the  amount  of  siliceous  dust  that  may  be 
produced,  for  the  working  faces  may  be  higher  than  the  principal 
source  of  water,  and  therefore  may  be  dry.  Mines  making  as  much 
as  1 ,000  gallons  of  water  per  minute  were  found  to  have  dusty  working 
faces,  whereas  mines  producing  much  smaller  amounts  showed  rela- 
tively less  dust  at  the  faces. 

VENTILATION. 

Most  of  the  sheet-groimd  mines  are  well  ventilated,  after  devel- 
opment, by  natural  air  currents,  as  most  mines  have  two  or  more 
shafts.  In  the  vicinity  of  Webb  City  and  Carterville  the  sheet-ground 
mines  under  a  large  area  are  connected,  and  it  is  possible  to  walk 
several  miles  underground  through  various  properties  without  re- 
turning to  the  smf  ace. 

In  such  mines  or  in  mines  having  more  than  one  opening,  although 
the  air  circulation  between  shafts  is  usually  excellent,  at  the  working 
faces,  especially  as  they  get  farther  away  from  a  shaft,  the  air  cir- 
culation may  be  poor.  However,  as  indicated  by  the  analyses  of 
the  air  samples  given  in  Table  3,  the  quaUty  of  the  air  at  the  faces 
seems  to  be  affected  but  httle.  This  is  probably  due  to  the  usually 
great  size  and  extent  of  the  mine  workings.  With  the  rdativdy 
large  volume  of  air,  vitiation  by  the  breathing  of  men,  burning  of 
lights,  and  combustion  of  explosives  is  evidently  almost  n^ligible. 
Also  these  mines  use  practically  no  timber  in  the  workings,  so  that 
the  absorption  of  oxygen  and  the  production  of  carbon  dioxide  by 
decaying  timbers  is  a  factor  that  need  not  be  considered.  Pure 
atmospheric  air  contains  approximately  20.93  per  cent  oxygen, 
79.04  per  cent  nitrogen,  and  0.03  per  cent  carbon  dioxide.  Table  3 
shows  that  all  the  mine  air  sampled  was  nearly  normal. 
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The  temperature  in  the  workmg  places  of  the  mmes  ranges  from 
52®  to  65°  F.,  the  corresponding  jelative  humidity  being  82  to  100 
per  cent.  The  surface  temperature  ranges  from  30°  to  60*^  F.,  the 
relative  himiidity  averaging  50  per  cent,  during  October,  March,  and 
April,  and  up  to  80°  and  95°  F.  m  July.  The  surface  temperature 
apparently  has  little  or  no  e£Fect  on  the  undergroimd  temperature, 
despite  the  shallowness  of  the  mines.  Although  the  humidity  was 
high  in  most  of  the  working  places  visited  by  the  writer,  this  condi- 
tion caused  no  gneat  inconvenience,  owing  to  the  relatively  low 
temperature. 

WAGES  AKD  COSTS. 

During  the  three  years  previous  to  1915,  drillmen  received  $2.25 
to  $3  for  an  8-hour  day,  drUl  helpers  $2  to  $2.50,  and  shovelers  6  to  9 
cents  per  bucket.  During  this  period  the  zinc  concentrate  produced 
was  sold  at  an  average  of  about  $43  per  ton,  and  the  lead  (galena) 
concentrate  at  $52  per  ton.  The  cost  of  mining  and  milling  ranged 
from  80  cents  to  $1.25  per  ton  of  dirt  handled,  a  fair  average  for  the 
larger  operations  being  $1  per  ton.  The  cost,  then,  of  mining  and 
milling  100  tons  of  dirt  under  such  conditions  would  be  $100.  If 
this  were  "2  per  cent"  dirt,<»  carrying  only  zinc,  it  wo\ild  yield  2 
tons  of  concentrate,  which,  at  $43  per  ton,  would  return  $86.  Thus 
it  may  be  seen  that  unless  costs  are  kept  below  the  average,  it  is  not 
possible  to  make  a  profit  on  2  per  cent  dirt  with  low  prices  for  ore. 

During  the  first  quarter  of  1915,  owing  to  the  great  demand  for 
spelter,  occasioned  by  the  European  war,  the  price  of  zinc  concentrate 
began  to  rise.  Sales  were  recorded  during  the  first  half  of  1915  as 
high  as  $135  per  ton.  At  the  same  time  the  cost  of  labor  increased. 
Drillmen  received  from  $3.50  to  $4.50,  drill  helpers  $2.75  to  $3.75, 
and  shovelers  as  high  as  15  cents  per  bucket. 

During  1912,  1913,  and  1914  the  costs  of  mining  were  distributed 
as  follows  by  one  large  cmnpany: 

Cents  per  too. 

Ground  boas 1.0 

Drilling 18.5 

Blasting 16.0 

Roof  protection 7 

Shoveling 15.0 

Mule  haulage 6.0 

Track  work 2.3 

Hoisting 4. 0 

Lighting 6 

Sundry 1.0 

Total  mining  cost 65. 1 

a  In  the  Joplln  district,  "2  per  cent"  dirt  means  dirt  that  yields  3  tons  of  oonoentnte  for  eBfih  100  tons 
mined,  wltbout  allowing  for  toe  usual  26  to  80  per  cent  loss  In  oonoentiating. 
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The  cost  of  milliiig  averaged  27  cents  per  ton,  making  the  total  cost 
of  minmg  and  milling  92.1  cents. 

The  smnmarized  mining  costs  of  another  large  company  for  the 
six-year  period  1909  to  1914  were  as  follows: 

Cents  per  ton. 

Labor 33 

Exploaivea 10 

Air 4 

Other  expenses 8 

Total 56 

At  this  plant  the  cost  of  milling  averaged  30  cents,  and  the  cost 
of  mining  and  milling,  including  everything  except  depreciation, 
was  98  cents  per  ton. 

The  costs  of  mining  and  milling  by  another  lai^  company  for  the 
year  1914  were  distributed  as  follows: 

Cents  per  ton. 

Labor 49.15 

Explosives 20. 49 

Fuse 57 

Gas  and  electricity 14. 28 

Superintendence  and  repairs 12. 12 

Other  expenses 3. 39 

Total  mining  and  milling 100. 00 

The  above  figures,  of  course,  should  not  be  used  in  connection 
with  the  high  prices  of  ore  existing  in  1915.  With  the  increase  in 
wages,  the  cost  of  mining  and  milling  increased  to  $1.50  up  to  S2  per 
ton,  and  even  more  at  some  properties. 

OOXMBNTS  ON  THE  METHODS  EMPLOYED. 

To  one  not  familiar  with  conditions  in  the  Joplin  district,  the 
mining  and  milling  methods  may  seem  crude  and  inefficient,  but 
the  methods  used  are  actually  about  as  efficient  as  those  in  use  in 
any  metal-mining  district  in  the  United  States.  In  the  sheet-groxmd 
mines  the  working  faces  are,  in  two  or  three  years'  mining,  extended 
to  points  far  distant  from  the  shaft,  making  necessary  the  sinking  of 
new  shafts  from  time  to  time.  Obviously,  elaborate  shaft  equip- 
ment, with  ore  pockets  and  skips,  would  be  an  extravagance.  As 
a  matter  of  fact,  expensive  mine  equipment  does  not  pay  in  this 
district,  and  it  would  be  difficult  to  improve  greatly  on  the  methods 
in  use,  as  far  as  costs  are  concerned.  There  are  few  metal-mining 
districts  in  the  United  States  where  ore  can  be  mined  and  milled  for 
$1  and  less  per  ton,  or  where  the  output  averages  10  tons  per  man 
employed  imdeigroimd,  as  is  the  case  in  the  sheet-ground  mines  of  the 
Joplin  district. 
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OBiaiN  OF  8IUOBOU8  in78T  IM  MZMX  AZB. 

Siliceous  dust  is  present  in  yarying  quantities  in  the  air  of  all 
operating  sheet-ground  mines,  the  quantity  made  and  kept  in  sus- 
pension depending  largely  on  the  methods  employed.  Mines  that 
are  well  ventilated  and  those  that  have  wet  working  places  are  usually 
not  dusty;  however,  they  may  be  very  dusty  unless  care  be  observed 
in  certain  details. 

The  causes  of  the  production  of  siliceous  dust,  and  its  suspension 
in  the  mine  air,  are  drilling,  squibbing,  blowing  cuttings  out  of  drill 
holes  with  an  air  blast,  blasting,  shoveling,  bowlder  popping,  tram- 
ming, and  roof  and  pillar  trimming.  The  blowing  of  dry  drill  holes, 
squibbing,  and  bowlder  popping  are  the  chief  practices  that  raise 
the  dust  into  the  mine  air.  On  the  siuf  ace  dust  is  made  by  the  dump- 
ing of  the  bucket  and  the  crushing  of  rock  in  the  mill. 

The  method  of  Tnining  employed,  involving  the  excavation  of  large 
open  areas  underground,  is  an  important  factor  in  the  prevalence  of 
dust  in  the  mines.  At  the  working  faces,  which  may  be  continuous 
for  several  hundred  feet,  the  operations  of  drilling,  squibbing,  blow- 
ing holes,  shoveling,  and  tramming,  and  at  times  roof  trimming, 
bowlder  popping,  and  even  blasting  may  be  in  progress  at  the  same 
time.  Tie  dust  made  by  these  operations  is  densest  at  the  working 
faces,  where  most  of  the  men  underground  are  working,  but  often 
it  ia  carried  by  air  currents  to  all  parts  of  the  mine,  so  that  practi- 
cally every  man  undeigroimd  is  in  a  dusty  atmosphere  during  the 
entire  shift.  In  other  metal-mining  districts,  especially  where  min- 
ing is  conducted  on  different  levels,  it  is  usual  to  find  only  part  of  the 
mine  dusty,  and  that  for  only  part  of  the  day. 

DRILLING. 

In  general,  it  may  be  said  that  drilling  does  not  set  in  motion 
much  of  the  dust  made  by  the  drill,  except  when  the  hole  is  being 
started.  The  bulk  of  the  cuttings  fall  to  the  floor  of  the  mine,  but 
only  a  slight  disturbance  of  the  mine  air  is  required  to  set  the  lighter 
particles  in  motion.  Part  of  the  cuttings  remain  in  the  drill  hole, 
and  are  expelled  as  a  cloud  of  dust  either  by  squibbing  or  blowing 
the  hole.  Attention  is  directed  to  the  fact  that  practically  all  holes 
drilled  in  these  mines  are  approximately  horizontal. 

SQUIBBING. 

Squibbing  is  one  of  the  chief  factors  in  setting  the  siliceous  dust  in 
motion.  Tins  ia  effected  in  two  ways: '(a)  Dust  is  forcibly  expeDed 
from  the  drill  hole,  and  (h)  the  vibrations  set  up  in  the  mine  air  by 
the  shot  raise  dust  that  has  settled  about  the  working  face. 


MIKIKO  AS  BELATED  TO  PBODUCTION  OF  DUST.  21 

BliOWmO  OF  DBT  HOl.ES. 

The  operation  of  cleaning  drill  holes  with  a  blast  of  air  has  been 
described  on  a  previous  page.  The  practice  of  blowing  out  holes 
without  first  wetting  them  is  termed  ''blowing  dry  holes."  More 
dust  may  be  produced  by  it  than  by  any  other  mining  practice;  in 
extreme  cases  the  dust  is  so  dense  that  the  flame  of  a  carbide  lamp 
15  or  20  feet  distant  appears  as  a  blur  of  light. 

BLASTING. 

The  blasting  of  one  or  more  roimds  of  holes,  especially  where  the 
face  is  dry,  produces  large  quantities  of  dust.  As  blastiog  is  usually 
done  when  the  shift  goes  off,  the  dust  so  produced  is  chiefly  harmful 
in  that  it  may  be  set  in  motion  when  the  next  shift  starts  mining. 
If,  as  in  some  mines,  the  time  between  shifts  is  only  a  haJf  or  even  a 
full  hour,  the  dust  produced  by  blasting  will  not  have  settled,  and 
the  second  shift  will  suffer  from  it.  If  ventilation  is  good,  the  dust 
is  soon,  removed  by  the  air  current;  otherwise  it  hangs  in  suspension 
for  several  hours.  The  mine  air  after  blasting  is  not  only  contami- 
nated with  dust,  but  contains  also  the  gases  and  fumes  produced  by 
the  explosives. 

SHOVELING. 

The  quantity  of  dust  made  by  shoveling  depends  on  whether  the 
dirt  is  wet,  damp,  or  dry.  If  the  shoveler  works,  as  he  often  does,  in 
a  small  puddle  of  water,  less  dust  is  produced  than  if  he  shovels 
from  a  (hy  floor.  In  either  case  the  quantity  of  dust  produced  in 
shoveling  is  not  excessive,  but  as  the  shoveler  works  with  his  head 
close  to  the  source  of  the  dust,  and  breathes  deeply  while  working, 
he  may  take  into  his  lungs  an  injurious  quantity  of  dust  during  a 
shift. 

BOWLDEB  POPPING   AND  OTHEB  CAUSES. 

The  concussion  from  the  popping  of  bowlders,  as  in  squibbing, 
causes  violent  vibrations  in  the  mine  air,  which  in  turn  stir  up  dust 
produced  in  other  ways.  Roof  and  pillar  trimming  is  a  minor  cause 
of  dust.  If  a  piece  of  rock  trimmed  from  the  roof  falls  on  a  pile  of 
dry  dirt,  some  dust  will  be  set  in  motion.  Tramming  raises  appre- 
ciable quantities  of  dust  only  when  the  roadway  is  dry,  the  feet  of  the 
men,  or  mules,  causrog  the  dust  to  rise  from  the  floor. 
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METHODS  OF  SAJCPUNG  SHilGBGUS  BUST. 

As  regards  the  siliceoiis  dust  in  the  mine  air,  information  was 
desired  on  the  following  points:  Specific  gravity  of  the  dust  partideB; 
their  size  and  phjrsical  and  chemical  characteristics;  the  weight  of 
dust  contained  in  a  given  volume  of  air;  and  the  length  of  time  that 
the  dust  would  remain  suspended. 

It  was  a  simple  matter  to  ohtain  pieces  of  rock  for  the  determina- 
tion of  specific  gravity,  and  samples  of  drill  cuttings  for  testing  the 
physical  and  chemical  characteristics  of  the  rock  particles.  In 
order  to  determine  the  length  of  time  the  dust  particles  would  remain 
in  suspension,  and  the  sizes  of  the  dust  particles,  samples  were  col- 
lected at  various  periods  of  time  by  permitting  dust  to  settle  from  the 
mine  air  on  thin  glass  slides  on  which  a  drop  of  cedar  oil  had  been 
placed.  Cover  glasses  were  then  placed  over  the  samples  and  they 
were  set  aside  for  examination  under  the  microscope. 

The  apparatus  and  methods  used  in  obtaining  the  samples  of  mine 
air  and  determining  the  weight  of  dust  contained  in  a  given  volume 
have  been  described  in  Technical  Paper  105.*  Such  work  requires 
a  suitable  medium  for  filtering  the  dust-laden  air,  and  a  device  that 
can  be  depended  on  to  meas\u*e  acc\u*ately  the  air  passing  through 
the  filtering  medium,  simple  in  design,  and  not  of  great  bulk. 

In  devising  this  apparatus  devices  that  have  been  used  for  similar 
work  in  other  countries  were  carefully  studied.  After  conclusive 
experiments  it  was  found  that  ordinary  granulated  sugar  was  entirely 
satisfactory  as  a  filtering  medium.  Suction  pimips,  of  the  type  used 
for  pumping  air  into  tires,  no  matter  how  well  made,  were  found 
unsatisfactory  for  drawing  a  measured  amount  of  air  through  the 
filtering  bulb.  With  continued  use  these  pxmips  became  inaccurate 
on  account  of  worn  parts  or  from  particles  of  dust  getting  into  the 
valves  and  preventing  them  from  seating  properly.  After  various 
methods  for  measuring  the  air  passing  through  the  bulb  containing 
the  sugar  had  been  considered,  a  device  actuated  by  the  breatUng 
of  the  wearer  was  adopted,  the  volume  of  air  breathed  to  be  deter- 
mined by  receiving  the  exhaled  air  in  a  graduated  receptacle. 

The  dust  sanipler,  as  finally  worked  out,  is  shown  in  Plates  IV 
and  V.  Plate  IV  shows  the  apparatus  assembled  and  Plate  V  shows 
the  nose  clip,  mouthpiece,  valves,  and  connections.  The  device, 
which  has  been  described  in  Technical  Paper  105  *,  consists  essen- 
tially of  the  following  parts: 

A  glass  bulb  or  container  for  the  filtering  medium  (4|  inches  long,  1}  inches  inside 
diameter  at  the  large  end,  and  i  inch  inside  diameter  at  the  stem).    This  bulb  is 

a  Laiua,  A.  J.,  and  Higgins,  Edwin,  Pulmonary  disease  among  the  miners  in  the  JopUn  district^  Mis- 
souri, a  preliminary  report*  Tech.  Paper  105,  Bureau  of  Mines,  1915,  pp.  22  to  32. 
^  Lanza,  aTJ.,  and  Higgins,  Edwin,  Work  quoted,  pp.  34-26. 
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partly  fiDed  with  granulated  sugar,  which  ia  prevented  from  passing  into  the  sampling 
device  by  means  of  a  perforated  glass  partition  inserted  just  above  the  stem  of  the 
bulb,  but  at  a  point  where  the  diuneter  is  not  leas  than  1  inch. 

That  part  of  the  oxygen-breathing  apparatus  known  as  the  mouthpiece,  with  in- 
halation and  exhalation  tubes  attached.  The  mouthpiece  may  be  held  securely  in 
position,  when  the  device  is  in  use,  by  means  of  a  cap  to  which  straps  are  attached. 
It  is  not  necessary,  however,  to  use  a  cap  when  one  becomes  familiar  with  the  device. 

A  noee  dip  to  prevent  air  from  passing  in  or  out  of  the  nostrils. 

What  is  known  as  a  Draeger  liter  bag,  having  a  capacity  of  35  to  45  liters. 

In  order  to  collect  a  sample  the  apparatus  is  adjiLSted  in  the  mouth  with  a  dust 
bulb  and  liter  bag  attached.  The  nose  clip  is  then  placed  on  the  nose  and  the  person 
taking  the  sample  breathes  naturally.  When  air  is  inhaled  the  valve  in  the  inhala- 
tion tube  opens,  allowing  the  air  to  pass  to  the  lungs;  at  the  same  time  the  valve  in 
the  exhalation  tube  closes,  making  it  impossible  to  draw  air  from  the  liter  hag.  When 
air  is  exhaled  from  the  lungs  the  valve  in  the  inhalation  tube  closes  and  that  in  the 
exhalation  tube  opefls.  In  taking  a  sample,  then,  the  air  passes  through  the  bulb 
(where  the  dust  is  intercepted  by  the  sugar)  into  the  lungs,  and  thence  through  the 
exhalation  tube  to  the  liter  bi^,  where  it  is  measured .  Ordinarily,  sufficient  accuracy 
may  be  obtained  by  inhaling  and  exhaling  a  total  of  35  liters  of  air.  However, 
If  the  place  in  which  the  sample  is  taken  is  only  slightly  dusty  the  bag  may  be  filled 
a  second  time,  thus  making  a  total  of  70  liters  of  air  for  the  sample. 

In  order  to  determine  the  amount  of  dust  collected,  the  contents  of  the  bulb  are 

washed  out  into  a  weighed  Gooch  crucible  and  dried  at  105^  F.    After  successive 

washings  with  water,  to  dissolve  and  remove  all  of  the  sugar,  the  crucible  is  again 

dried  at  105^  C.  and  weighed.    The  increase  in  weight  represents  the  weight  of  rock 

dust  in  the  sample. 

ACCURACY  OF  SAMPLING  DEVICE. 

In  breathing  a  man  takes  a  certain  amount  of  oxygen  from  the 
air.  It  has  been  shown,  hy  many  analyses  of  exhaled  air,  that  not 
all  of  the  oxygen  consumed  is  contained  in  the  carbon  dioxide  given 
off.  Under  normal  conditions,  the  ratio  of  carhon  dioxide  given  off 
to  oxygen  consumed  is  approximately  as  8  to  10,  or  0.8.  However, 
if  a  man  exerts  himself  this  ratio  may  rise  to  0.9  or  even  1  or  slightly 
more.  In  these  exceptional  cases  douhtless  some  residual  carbon 
dioxide  from  the  lower  part  of  the  lungs  is  exhaled.  As  exhaled  air 
contains  only  4  per  cent  carbon  dioxide,  if  it  be  assumed  that  the 
ratio  of  oxygen  converted  into  carbon  dioxide  to  oxygen  consumed 
is  0.8  to  1.0,  the  volume  of  the  exhaled  air  would  not  be  more  than 
1  per  cent  less  than  that  of  the  inhaled  air.^  This  difference  is  com- 
pensated for  to  some  extent  by  the  increase  in  temperature  of  the 
exhaled  air.  Owing  to  the  variations  in  the  factors  concerned,  as 
indicated  above,  no  correction  was  made  for  the  small  error  involved. 

As  to  the  velocity  of  the  air  entering  the  bulb,  and  the  frequency 
of  the  inhalations,  it  is  possible  for  the  operator  to  imitate  exactly 
the  breathing  of  the  miner  at  work.  Thus,  with  the  sampling  bulb 
held  near  the  head  of  the  miner,  the  operation  of  this  device  in  taking 
a  sample  is  almost  identical  with  that  of  the  miner's  respiratory 

a0.8:l::4:&. 
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organs.  The  only  difference  is  that  in  the  sampling  device  the  diist 
is  caught  in  the  granulated  sugar,  whereas  in  breathing  the  dust 
lodges  in  the  lungs  and  air  passages  leading  to  them. 

The  fact  that  a  large  yolume  of  air  is  taken  in  sampling  (the  lit^ 
bag  may  be  filled  as  many  times  as  deemed  necessary)  makes  for  ac- 
curacy. Although  the  liter  bag  is  not  elastic,  there  may  be  a  small 
source  of  error  in  determining  at  just  what  point  it  should  be  consid- 
ered to  be  full  of  air.  This  source  of  error,  however,  may  be  re- 
duced to  a  mininniiTn  jyy  practice  in  using  the  device.  A  sample 
may  be  taken  in  about  two  minutes,  or  the  time  may  be  ext^ded 
by  breathing  alternately  through  the  nose  and  through  the  device. 

The  liter  bag  may  be  tested  for  leaks  by  filling  it  with  air  and 
allowing  it  to  stand  for  a  few  minutes;  a  leak  will  be  indicated  by 
loss  of  air.  If  the  bag  leaks,  the  exact  location  of  the  puncture  or 
rent  may  be  determined  by  the  use  of  soap  lather.  A  very  small 
opening  will  cause  bubbles  to  appear.  The  tubes  leading  to  the 
mouthpiece  may  be  tested  for  leaks  by  coating  them  with  lather, 
holding  the  palm  of  the  hand  over  the  end  of  the  exhalation  tube 
and  blowing  through  the  mouthpiece.  Bubbles  will  appear  at  leaky 
points.  Thin  sheet  rubber,  cemented  on  with  rubber  solution, 
makes  a  satisfactory  patch;  it  is  safer,  however,  to  cany  eoctra  parts 
to  replace  those  that  develop  leaks. 

RESULTS  OF  THB  BUST  SAHPLZNG. 
SIZING  AND  CHEMICAL  TESTS. 

Fifteen  samples  of  drill  cuttings  made  by  drilling  in  the  cherty 
flint  were  procured  from  various  sheet-ground  mines.  The  content 
of  siliceous  residue  was  determined  in  each  sample;  then  sizing  tests 
were  made,  after  which  the  siliceous  residue  in  that  part  of  the 
sample  passing  through  a  240-me8h  screen  was  determined.  Tests 
were  also  made  to  detect  the  presence  or  absence  of  carbonates  and 
sidphides. 

Table  4,  which  gives  the  results  of  the  chemical  ietnalyses,  shows 
that  the  content  of  siliceous  residue  in  the  average  (unscreened) 
sample  ranged  from  70.5  to  95.3  per  cent,  10  of  the  samples  show- 
ing a  content  of  over  90  per  cent.  As  compared  with  the  average 
samples,  the  determinations  made  on  the  portions  passing  a  240- 
mesh  screen  show  more  siliceous  residue  in  some  cases  and  less  in 
others.  All  of  the  samples  gave  tests  for  carbonates,  as  indicated 
by  ^ervescence  with  hydrochloric  acid;  seven  showed  the  presence 
of  sxdphides,  as  indicated  by  the  action  of  nitric  acid. 
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Tablb  4,—Re9ults  of  chemical  examination  of  drill  cuttings. 


Laboratory  No. 


20788 
20780 
30790 
20791 
20792. 
20793 
20794 
20795 
20796 
20797 
20798 
20799 
30800 
20801 
20802 


Sample 

SlUoeousrosidne. 

No. 

Un- 
screened 
sample. 

Through 
210*mesh. 

Percent. 

Percent. 

211 

95.3 

96.8 

202 

89.4 

80.1 

215 

70.5 

61.3 

422,423 

89.8 

85.6 

424 

91.7 

93.2 

436 

90.2 

93.6 

500,575 

90.8 

88.8 

507 

94.9 

95.3 

569 

95.2 

97.0 

570 

94.9 

96.2 

571.672 

80.8 

83.6 

576,574 

78.8 

75.9 

580 

91.2 

90.6 

500 

94.8 

94.6 

501 

90.8 

93.7 

Relative  amoont 
of  carbonate  as 
indicated  by  ef- 
fervesransewith 
hydrochloric 
acid. 


Medium 

do 

Much 

do 

Little 

do. 

Medium 

do 

Little 

Medium 

Little 

do 

»  •  •  «  ■  liAw*  •  •  •  •  •  • 

do 

do 


Relative  amount 
of  sulphide  pree* 
ent  as  indicated 
by  action  of 
nitric  acid. 


Nil. 

Do. 
Much  sulphide. 
Little  surohide. 
NO. 
Much  sulphide. 

Do. 
Nn. 

Do. 

Do. 
Little  sulphlda. 

Do. 
Nil, 

Little  sulphide. 
Nfl. 


Table  6  shows  the  results  of  the  sizing  tests.  The  variation  in  the 
percentage  of  drill  cuttings  passing  through  a  240-mesh  screen  indi- 
cates a  variation  in  the  dust-producing  tendency  of  the  chert  in  differ- 
ent mines.  The  sizes  of  the  openings  in  the  screens  used  in  the  sizing 
testd  were  as  follows: 

Standard  screens  used  for  sizing  tests. 


Mesh  of  screen. 

Size  of  opening. 

Mosh  of  screen. 

Size  of  opening. 

10 

Inchet. 
a065 
.0328 
.0164 
.0082 

Mm. 
1.651 
.833 

.417 
.208 

100 

Ineket. 

a0068 

.0041 

,0029 

.0026 

Mm. 

a  147 

20 

150 

.104 

35 

200 

.074 

65 

240 

.066 

Table  5. — Results  of  sizing  tests  on  drill  cuttings. 


Laboratory  No. 

Sample 
No. 

OnlO- 
m«8h. 

On20- 
mesh. 

On35- 
mesh. 

On  65- 
mesh. 

On  100- 
mesh. 

omso- 

mesh. 

On  200- 
mesh. 

On  240- 
mesh. 

Through 
240-mflsh. 

20788.. 

211 

202 

215 

422,423.. 

424 

426...... 

666, 575. . 

567 

509 

570 

571,572.. 
576.574.. 
580..:... 

590 

501 

P.et. 
11.2 
12.0 
12.3 

6.9 
84.6 
2a4 
10.8 
67.2 
16.7 

3.9 

7.3 
11.4 
16.5 
12.1 

5.2 

P.ct. 

9.3 

12.5 

6.5 

6.6 

15.8 

12.2 

7.3 

14.0 

2L3 

3.6 

6.5 

4.5 

12.6 

10.0 

5.3 

P.ct. 
14.9 
17.5 
12.4 
12.8 
16.0 
14.4 
16.7 
10.9 
86.5 
13.0 
10.4 
10.1 
18.0 
15.1 
9.9 

P.ct. 
4a5 
16.3 
17.9 
2L7 

n.i 

14.0 
19.8 
6.6 
13.1 
26.8 
15.1 
19.4 
14.6 
17.2 
20.6 

P.et. 

6.2 

19.1 

n.o 

12.2 
6.8 
8L8 

10.3 
8.0 
8.4 

16.5 

10.7 

n.i 

9.3 
10.5 
11.5 

P.et. 
6.7 
4.6 
9.0 
9.6 
8.6 
7.6 
7.9 
L8 
L9 
8L2 
9.1 
7.6 
6.8 
6.0 
9.3 

P.ct. 
4.9 
7.2' 
9.2 
6.6 
2.6 
4.0 
&0 
LO 
LO 
6.9 
7.0 
6.2 
3.9 
8.6 
9.2 

P.et. 

3.4 

2.2 

7.5 

4.6 

.6 

.1 

.1 

.1 

.1 

.4 

.2 

.6 

.5 

.7 

2.5 

P,eL 
8.9 

20780.. 

9.7 

20790 

16.2 

20791 

21.1 

30793 

ia2 

2Q7B3.. 

1&6 

30794 

19tl 

20795 

&4 

20796 

6.0 

20797 

21.7 

20708 

83.7 

20799 

30.1 

20600 

18.8 

20801 

24.8 

20802 

26.6 

31222^—17- 


26         SIUGEOUB  DUST  IN  BEIATION  TO  PULMONABY  DISEASE. 
MICB08COPIO  EXAMINATION  OF  DUST  PARTICLES. 

Portions  of  the  samples  that  passed  the  240-mesh  screen  in  the 
sizing  tests  were  examined  under  the  microscope  by  Reinhardt  Thies- 
sen,  who  prepared  the  accompanying  photomiorographs  (Pis.  VI  to 
VIII). 

About  0.5  milligram  of  each  sample  examined  was  mixed  or  stirred 
into  a  drop  of  cedar  oil,  placed  on  a  glass  sUde,  and  observed  under  the 
microscope.  The  results  of  Dr.  Thiessen's  observations,  which  have 
been  given  in  Technical  Paper  105,  are  repeated  here. 

OBNXRAL  DESCRIPTION. 

In  size  the  dust  particles  varied  from  those  averaging  about  90 
microns  *  down  to  particles  that  were  invisible  under  the  ordinary 
microscope.  Some  of  the  samples  were  made  up  chiefly  of  the  smaller 
sizes,  whereas  others  consisted  mostly  of  the  larger  and  intermediate 
sizes. 

Although  the  larger  sizes  measured  approximately  100  to  60 
microns,  there  were  some  longer  and  narrower  knifelike  or  needle- 
shaped  particles.  The  smallest  dimension  measurable  by  the  ordi- 
nary microscope  is  one-fourth  to  one-half  micron.  The  smallest 
particle  visible  was  about  20  millimicrons,  or  twenty  one-thousandths 
of  a  micron. 

PHTSIOAL  OHARACTBR  OP  DUST  PARTICLES. 

In  the  main  two  kinds  of  particles  are  visible,  one  having  a  milk- 
white  or  porcelainlike  look  and  the  other  being  more  glassy.  The 
milky  particles  are  generally  thin,  sharp  edged,  and  irr^ular,  often 
knifelike  or  spear  point  like  in  shape.  The  glassy  particles  are  usually 
roughly  polyhedral  or  spheroidal,  although  some  are  sharp  edged  or 
pointed.  Of  the  other  particles  visible,  some  are  perfect  crystals, 
evidently  calcite;  others  are  sphalerite,  galena,  and  pyrite.  The 
particles  are  of  almost  every  possible  shape  and  form.  The  milk- 
white,  sharp-edged  particles  are  usually  thin  and  scalelike;  compara- 
tively few  are  rounded  or  polyhedral.  The  glassy  particles,  on  the 
other  hand,  are  usually  rounded  or  tetrahedral. 

•DESCRIPTION  AND  DISCUSSION  OP  PHOTOMICROQRAPHS. 

In  the  following  descriptions  and  discussions  of  the  photomicro- 
graphs shown  in  Plates  VI  to  VIII,  and  IX,  A,  the  sample  numbers 
used  in  Tables  4,  5,  and  7  are  retained. 

Sample  tl5  {Lah,  No.  t0790),— -The  gradation  in  size  is  gradual.  The  laigest  parti- 
cles measure  about  85  microns  (0.085  mm.).  Sharp,  angular,  and  irregular  partidea 
predominate. 
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In  Plate  YI,  A,  magnification  250  diameters,  the  particle  at  the  right  is  appioxi- 
mately  85  microns  long  and  48  microns  wide.  The  smaller  particles,  represented  by 
spots,  are  less  than  1  micron.  In  Plate  VI,  B,  magnification  500  diameters,  the  largest 
particle  is  approximately  56  microns  in  diameter. 

Sample  4i4  (Lab.  No,  t079i), — ^This  sample  has  a  laige  proportion  of  the  coarser 
particles  and  relatively  very  few  small  particles.  Both  the  milky- white,  irregular, 
sharp-edged  particles  and  the  glassy,  irregular,  spherical  particles  are  shown. 

Plate  VI,  C,  magnification  250  diameters,  shows  the  abundance  of  the  laige  particles, 
and  some  of  the  milky-white,  sharp-edged  ones,  which  are  very  thin  and  spadeUke. 

Plate  VII,  Af  magnification  200  diameters,  shows  the  rounded  and  polyhedral 
particles. 

Sample  566  {Lab,  No,  i0794). — This  sample  is  characterized  by  rather  sharp,  angu- 
lar particles,  with  a  large  number  of  particles  ranging  from  medium  size  down  to  invis- 
ible— that  is,  from  25  microns  in  diameter  to  about  1  micron — in  which  the  milky- 
white  or  porcelainlike  are  the  most  abundant. 

The  porcelainlike  particles  vary  widely  in  form.  Besides  the  sharp  knifelike  or 
angular  particles,  rhomboidal,  tetrahedral,  and  even  globular  forms,  not  entirely 
restricted  to  this  sample,  yet  more  conunon  than  in  others,  are  present. 

In  Plate  VII,  B^  magnification  500  diameters,  the  dear  rhombohedral  particle  in  the 
lower  right-hand  comer  is  about  24  microns  long,  20  microns  wide,  and  10  microns 
thick.  The  thin  plateUke  particle  in  the  lower  left-hand  comer,  almost  clear  on  the 
left-hand  half,  but  containing  millions  of  nunute  inclusions  in  the  right  half,  is  about 
36  microns  long  and  wide,  but  probably  less  than  0.5  micron  thick.  The  sharp- 
pointed  particle  in  the  middle  has  a  knifelike  edge  on  the  left,  but  is  rather  thick  on 
the  right. 

Sample  567  (Lab.  No.  20795). — The  gradation  ranges  from  the  larger  particles  down 
to  those  that  are  invisible.  The  smaller  ultramicroscoplc  particles  are  more  abundant 
than  in  any  of  the  other  photomicrographs  shown.  There  are  also  more  sharp-edged 
particles,  with  even  sharper  edges  than  in  any  other  sample.  In  the  other  samples 
the  scalelike,  sharp-edged  particles  are  confined  to  the  larger  and  medium  sizes,  but 
in  these  samples  grade  into  the  invisible.  Two  kinds  of  particles  predominate — the 
milky  white,  which  comprise  the  bulk  of  the  larger  sizes,  but  are  not  confined  to  them, 
and  the  glassy  particles,  which  are  mostly  rounded,  although  many  are  sharp-edged. 
The  milky-white  particles  are  almost  always  thin,  bladelike,  leaflike,  pointed,  and 
some  even  needlelike. 

In  Plate  VIII,  A,  the  finer  particles  were  removed  in  order  to  show  the  larger  ones, 
which  are  angular  and  sharp  edged.  All  of  the  particles  are  porcelainlike.  The 
length  of  the  long  slender  particle  is  approximately  230  microns  and  its  least  breadth 
is  little  more  than  8  microns. 

Sample  576  {Lab,  No.  20799). — In  this  sample  there  is  an  almost  complete  absence 
of  the  milky-white  material,  the  particles  being  glassy.  (See  PI.  VTII,  B,)  There 
are  comp'aratively  few  large  particles,  the  gradation  being  uniform. 

Plate  VIII,  C,  magnification  400  diameters,  shows  one  of  the  largest  particles  that 
could  be  foimd  in  the  preparation.  Its  largest  dimension  is  about  80  microns.  This 
photograph  shows  the  relatively  large  proportion  of  the  finest  dust  particles. 

Samples  590  and  591  (Lab.  Noa,  20801  and  20802). — ^These  samples  are  composed 
largely  of  rather  spheroidal  or  roughly  polyhedral  particles  varying  from  the  largest 
to  the  smallest  visible.  There  are  few  milky-white  particles  present  and  also  few 
sharp  or  knifelike  •particles. 

Plate  VII,  C  (No.  591),  shows  the  general  distribution  and  comparative  sizes.  The 
largest  one  is  approximately  60  microns  in  diameter.  The  spherical  or  oval  form  is 
also  shown. 
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Plate  IX,  A  (No.  590),  shows  the  general  nature  of  Uie  pardcles.  The  gronndmaM 
is  clear  isotropic  to  milky  white  and  contains  numerous  finer  particles,  the  miUdnefla 
being  due  to  a  suspension  of  still  finer  particles. 

SUSPENSION  OF  DUST  PABTIGLBS   IN  THE   AIB. 

A  large  proportion  of  the  dust  particles  are  lees  than  1  micron  in 
diameter.  How  long  such  small  particles  will  remain  suspended  in 
dry  still  air  can  be  roughly  determined  from  Stoke's  law,  the  for- 
mula for  which  is : 

v_2r'  (s-sQg 

""  925 

Vsthe  velocity  of  fall  in  seconds  per  centimeter; 
rathe  radius  of  the  particle  in  suspension; 
s»the  specific  gravity  of  the  particle; 

scathe  specific  gravity  of  the  medium  in  which  it  is  suspended; 
gsthe  gravity  constant; 
ssathe  viscosity  coefficient  of  the  suspending  medium. 

If  it  be  assumed  that  a  certain  round  particle  of  quartz  (specific 
gravity  2.62)  is  I  micron  (or  O.OOOI  centimeter)  in  diameter,  and 
that  the  air  (temperature  60^  F.)  is  free  from  moisture,  subetttating 
values  gives: 

V    2X0.00005»(2.62~0.0012)980_2X0.0000000025X(2.62X980)    -v^jq^o 
•    "  9vl?Z?  ~  9X0.0001970  "°  ' 

^107 

centimeter  per  secondnO.432  centimeter  per  minute=25.92  centimeters  per  hoars 
620.06  centimeters,  or  6.2  meters  (20.34  feet),  per  day. 

Suppose  that  a  particle  is  0.2  micron  in  diameter,  then 

y^2X0.00000PX2  62X980^Q  00^28  cenUmeter,  or  0,00028  millimeter,  per  second^ 
9X0.000197  '  '  *^ 

0.0168  millimeter  per  minute =1  miUimeter  per  hour =24  millimeters  (0.94  inch) 

per  day. 

Although  these  theoretical  calculations  are  of  interest,  it  is  ob- 
vious that  in  any  attempt  to  determine  the  length  of  time  dust 
particles  will  remain  in  suspension  in  mine  air  it  is  necessary  to 
give  proper  consideration  to  air  currents  and  to  humidity. 

HICRO800FI0  EXAMINATION  OF  THE  PARTICLES  OAUOHT  ON  8UDB8. 

The  samples  that  were  obtained  by  catching  dust  in  cedar  oil  on 
glass  slides  for  the  purpose  of  determining  the  sizes  of  the  particles 
suspended  in  the  mine  air,  and  the  length  of  time  they  would 
remain  in  suspension,  were  exanuned  by  Dr.  Thiessen.  Owing  chiefly 
to  the  transparent  nature  of  the  particles,  especially  the  smaller  ones, 


|ii 


=11 


MINING  AS  BELATED  TO  PRODUCTION  OP  DUST.        29 

the  photomicrographs  prepared  from  these  slides,  with  the  exception 
of  sample  14,  shown  in  Plate  IX,  B,  were  not  distinct  enough  for  the 
preparation  of  halftone  reproductions.  From  Dr.  Thiessen's  report 
and  a  study  of  the  photomicrographs,  some  data  were  obtained  as  to 
the  size  of  the  suspended  dust  particles  and  the  length  of  time  they 
will  remain  in  suspension.  This  information  is  set  forth  in  Table  6. 
One  column  shows  the  dimensions  of  the  largest  dust  particle  on  the 
slide;  in  most  of  the  shdes  there  was  only  one  nearly  as  large  as 
indicated.  Too  much  importance,  therefore,  should  not  be  given  to 
this  figure. 
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The  physical  characteristics  of  the  dust  particles  are  practically 
the  same  as  indicated  on  pages  25  and  26.  In  all  cases  the  places 
where  the  samples  were  taken  were  poorly  ventilated;  air  currents 
were  sluggish  or  entirely  lacking. 

Shdes  1  to  8  represent  general  conditions  underground  from  30  to 
125  feet  from  the  working  face. 

Slides  9  to  22  were  taken  at  various  intervals  after  blasts  in  order 
to  determine  the  length  of  time  the  particles  of  various  size  would 
remain  suspended  in  the  mine  air.  The  temperature  where  these 
exposures  were  made  was  62^  F.  and  the  relative  humidity  ranged 
from  95  to  100  percent.  Most  of  the  time  there  was  visible  water 
vapor  in  the  air^  and  this  doubtless  hastened  the  settling  of  the  dust 
particles.  The  photomicrographs  show  a  gradual  decrease  in  the 
size  of  the  particles^  and  a  corresponding  increase  in  the  percentage 
of  small  particles  present  toward  the  end  of  this  experiment.  None 
of  the  photomicrographs  shows  any  great  number  of  particles  larger 
than5  microns,  those  as  large  as  10  microns  being  only  occasionally  seen. 
On  slides  17  to  22  there  appeared  countless  numbers  of  particles 
0.1  to  0.2  microns  in  diameter.  It  is  worthy  of  note  that  samples 
obtained  with  the  mouth-breathing  apparatus  at  the  time  slides  21 
and  22  were  prepared  showed  no  dust.  This  is  not  to  be  wondered 
at,  as  the  dust  particles  were  almost  submicroscopic  in  size. 

From  these  experiments  it  appears  that  dust  particles  with  dimen- 
sions of  50  to  70  microns,  and  more,  wiU  settle  within  a  few  minutes. 
However,  where  mining  operations  that  make  dust  are  continuous, 
these  larger  sizes  may  be  found  in  the  air  all  of  the  time.  One  hour  after 
the  cessation  of  the  work  causing  the  dust,  few  particles  larger  than 
10  microns  will  remain  in  suspension,  if  the  air  is  comparatively  still, 
the  size  gradually  decreasing  up  to  three  hours,  when  the  largest  par- 
ticle to  be  found  will  be  about  5  microns  in  greatest  dimension.  After 
four  hours  few  particles  as  large  as  5  microns  are  to  be  found;  a  small 
percentage  will  range  from  1  to  2  microns,  but  the  bulk  of  the  parti- 
cles will  range  from  1  micron  down  to  submicroscopic  sizes. 

SIZE  OF  BUST  PABTICLBS  TAKEN  INTO  THE  LTTNOS. 

In  the  course  of  the  investigative  work  carried  on  by  Dr.  Lanza, 
prior  and  subsequent  to  his  preliminary  report,"  many  samples  of 
sputum  were  collected  from  miners  who  reported  for  examination. 
These  samples  were  centrifuged  and  small  portions  placed  on  glass 
slides,  to  be  examined  under  the  microscope  for  the  presence  of 
tubercle  bacilli.  The  writer  had  an  opportunity  to  examine  a  great 
number  of  these  slides.    Siliceous  dust,  in  varying  quantities,  was 

a  Lanza,  A.  J.,  and  Hlggins,  Edwin,  Pulmonary  diaeaae  among  miners  in  the  Joplin  district,  ICIssourIf 
and  Its  relation  to  rock  dust  in  the  mhies:  Tech.  Paper  105,  Bureau  of  Mines,  1015, 48  pp. 
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present  on  all  of  them;  the  cherty  flmt  particles  were  plainly  in 
evidence;  and  in  some  cases  scattering  particles  of  zinc  blende  and 
galena  were  recognized. 

Seven  of  these  slides  were  examined  by  Dr.  Thiessen.  Follow- 
ing is  only  an  abstract  of  that  part  of  Dr.  Thiessen's  report  concern- 
ing the  siliceous  dust  on  these  sHdes: 

All  of  the  slides  contain,  besides  the  rock  dust,  dust  of  oi:ganic  origin,  though  rela- 
tively little.  The  rock  dust  is  of  the  same  nature  and  appearance  as  that  gathered 
in  tests  of  the  siispenslon  of  d  ust  particles.  The  sizes  of  the  particles  are  also  apjvoxi- 
mately  the  same  as  those  discussed  under  *' Suspension.**  There  are  comparatively 
few  particles  measuring  more  than  10  microns  in  diameter,  but  a  large  number  measure 
between  about  5  and  2  microns,  with  rapidly  increasing  numbers  of  smaller  sizes, 
down  to  particles  of  colloidal  dimensions.  It  is  Impossible  to  make  a  fair  estimate  of 
the  proportion  of  the  smaller  particles  to  the  larger,  on  account  of  the  colloidal  matter 
present  in  the  preparations.  The  amount  and  size  of  particles  on  the  sputum  slides 
compare  favorably  with  photomicrc^raph  14  (PI.  IX,  B),  of  the  suspension  testa. 

Thus  it  appears  that  comparatively  few  particles  larger  than  10 
microns  in  diameter  reach  the  limgs.  Without  question;  howeTcr, 
much  larger  particles  find  lodgment  in  the  nasal  and  other  air  passages 
leading  to  the  lungs.  When  a  dry  hole  is  blown,  or  a  drill  hole  is 
being  started,  the  air  about  the  hole  is  filled  with  large  particles  of 
dust,  and  even  chips  and  splinters  of  rock.  Under  such  conditions 
much  of  this  coarse  material  gets  inside  the  nostrils,  or  into  the  mouth. 
Miners  working  in  very  dusty  places  frequently  can  detect  grit  in  the 
mouth. 

WEIGHT  OF  DUST  IK  MINE  AIR. 

For  the  purpose  of  determining  the  weight  of  siliceous  dust  in  mine 
air  under  varying  conditions,  a  total  of  222  samples  were  collected  with 
the  mouth-breathing  device.  These  samples  are  described  in  Tables 
7  and  8.  The  39  samples  included  in  Table  7  were  taken  during  the 
preliminary  investigation;  those  in  Table  8,  taken  subsequently,  are 
more  completely  described. 
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Tabli  7. — Analyses  of  S9  samples  of  siliceous  rock  dust  taken  in  sheet-ground  mines  of 

the  "Joplin  district f  Mo.,  in  November ^  1914. 

[All  holw  drilled  horixantally;  all  samples,  except  where  noted,  taken  close  to  nostrils  of  drill  man  or 

snoveler.] 


Sample 
No. 

Labo- 
ratory 
No. 

202 

20453 

203 

20464 

209 

20455 

210 

20450 

W3> 

20457 

587 

20488 

211 

20458 

212a 

20459 

212A 

20400 

216a 

20461 

215 

20482 

222 

20463 

564a 

20464 

419 

20465 

420 

20466 

421 

20467 

424 

20470 

426 

20472 

423 

20469 

574 

20483 

576 

20485 

425 

20471 

573 

20482 

571 

20480 

572 

20481 

563 

20473 

567 

20476 

567A& 

20477 

566 

20475 

675a 

20484 

509 

20478 

570 

20479 

580 

20486 

578 

20487 

590 

20489 

596 

20490 

591 

20491 

502 

20492 

583a 

20493 

Name  of  mine. 


loe  Plant 

do 

do..... 

Gopher 

do 

.....do 

Little  PrJnoeas... 

do 

Fiorina. 

do 

Oronogo  Circle. . . 

Century 

do 

DaveyNo.8 

do 

do 

do 

.....do 

CoahuiUa 

.....do 

do 

Wilson. 

do , 

do 

do 

BchooUioiise 

do.: , 

do , 

Win£field 

do 

Bertha  A 

do 

Otis.. , 

do 

A.W.C.No.1.. 

.....do , 

Little  Dorothy... 

Electrical , 

do 


Remarks. 


Drilling  breast  hole,  dry . 
Taken  after  squlbbmg. . 

do 

Shoveling 

....do 


.do. 


Drilling  and  shoveling,  10  feet  away. 

do 

Drilling  and  shoveling 

do. 


Drilling,  dry 

Five  men  shoveltog,  5  to  15  feet  away . 

do 

Drilling  breast  hole,  dry 

.....do 


Blowing  hole,  damp 

Drilling  stope  hole,  damp . 

Taken  after  squlbbing 

Drilling  breast  hole,  dry. . 

ShoveltDg 

....do 


Shoveling  and  roof  trimming 

Shoveling 

Drilling  breast  hole,  dry 

Blowii^  hole,  dry 

Taken  5  minutes  after  blowing  hole,  dry. 

Taken  after  squfbbing 

do 


DrilUng  breast  hole,  dry. 

....do 

....do 

....do 


Drilling  stope  hole,  damp . 
Drilling  breast  hole,  dry. 
Drilling  and  shoveling . 
Bhovi 


rilling  an< 
lovelmg. 
rminffhi: 


Drilling  in  heading,  dry 

Taken  on»-half  hour  after  five  holes  had  been  squibbed. 
do 


Weight 

of  dust 

per  100 
liters  of 

air,  milli- 

grams. 

6.57 

4.86 

6.00 

3.71 

4.57 

4.86 

4.00 

5.14 

5.14 

5.71 

3.71 

4.29 

3.71 

6.86 

5.14 

4.20 

.57 

4.20 

4.00 

3.60 

L14 

2.20 

.57 

8.60 

7.71 

8.14 

7.16 

5.71 

8.14 

8.14 

6.20 

6.00 

2.86 

6.00 

6.67 

3.60 

4,57 

4.00 

4.86 

a  Duplicate  of  preceding  sample. 

b  Taken  3  minutes  after  sample  667  was  taken. 
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Table  8. — DetcripHon  of  aUieeoua  dutt  wamplet  taken 


i 

6 

1 

1 

Date 
(101&). 

Time. 

WbieratakMi. 

Woric  pragressiiig. 

Position  of  bulb. 

! 

1 

1 

9« 

40 

571 

A 

Feb.  18 

9.20 

Fteoe  northveat  of 
shaft. 

Drining  breast  bole 

At  drlllman's  head. . 

41 

508 
574 
576 
676A 
222 

531 
532 
583 

592 

A 
A 
A 
A 
A 

A 

A 
A 

A 

...do..... 
...do..... 
...do..... 

...do..... 
...do. 

...do 

...do. 

...do..... 

...do..... 

0L35 
0.50 

iao5 
laao 
ia25 

ia35 
laso 

11.05 

p.  w. 
2.30 

da 

do. 

do. 

do. 

do. 

da 

da 

42 

da 

43 

do. 

da 

da 

44 

do. 

45 

doi 

.....da 

1  foot  to  right  and  1 

foot  belov  hole^ 

At  drfflman's  heul. 

da 

40 
47 

do. 

do. 

do. 

da 

da 

48 

do. 

40 

30  feet  from  west 
fMse. 

Drilling  at  face 

5  feet  from  floor 

50 
51 

540 
580 
538 

641 
537 

903 

A 
A 
A 
A 
A 

A 

...do..... 
...do..... 
...do..... 
...do..... 
...do..... 

Feb.  19 

2.45 
,     3.00 
8wl5 
8.30 
8w45 

a.  m. 
9.00 

do. 

da 

da 

da 

.....do...... ' 

da 

63 

do. 

.....  oo.  ............ 

da 

Face  Dflrtbweet  of 
abaft. 

da 

da 

53 
54 

da 

da 

do."I..* ' 

da 

65 

Drilling  breast  hole 

At  drlUnian's  head. 

M 

596 
572 
580 
666 
587 
573 

294 

A 
A 
A 
A 
A 
A 

B 

...do 

...do 

...do. 

...do 

...do 

...do 

Feb.  25 

9.15 
9.30 
9.45 

laoo 
iai5 

10.30 
p.m. 
2.45 

do. 

.....do. 

da 

da 

da 

do 

8topeNo.3 

StopeNo.  10 •- 

do. 

da 

da 

57 

da 

58 
59 

da 

do 

da 

da 

.....do 

da 

60 
61 

do. 

62 

Bhovelfnr 

At  shoveler's  head.. 

63 

569 

B 

*  - .  do . 

3.00 

do 

da 

64 
65 

278 

324 
323 

295 

665 

B 

B 
B 
C 

C 

...do 

Feb.  26 

...do 

...do 

...do. 

3.15 

(Lfa. 
0.15 
0.30 

iaio 
laso 

StopeNa4 

StopeNal2 

StopeNa3 

Shoveling  and 
drilling. 

BhoveHnif 

At  drillman's  head. 

6  feet  from  staoveler. 
da 

66 

.  .^oT:.::.::::: 

67 

East  face 

Drilling  breast  hole 

Drilling  and  shov- 
eling. 

10  feet  from  driUnan. 
At  drillman's  head.. 

68 

NarthwwtftK3e..p. 

60 

530 

C 

...do..... 

ILOO 

do. 

da 

40  feet  from  face 

70 

293 

C 

...do..... 

p.  m. 
2.15 

No.  3  nnrth  head- 

Nof 'east  heading. 
East  fAoe 

DrilUng  breast  hole 

At  helper's  head..  . 

71 
72 

636 
292 

209 

C 
C 

A 

...do 

...do..... 

liar.    1 

2.30 
2.45 
a.  m. 
0.45 

da 

Shoveling 

Atdrillman'shcad. 
At  shoveler*shead.. 

Beside  hoistman.... 

73 

Headframe 

Dumping  bucket.. 

74 

212 
834 
291 
550 
836 

A 
A 
A 
A 
A 

...do..... 

...do 

...do..... 

...do 

...do..... 

10.00 

la  15 
laso 
ia45 

11.00 

da 

da 

da 

da 

da 

.....do. 

da 

do 

da 

do 

...  .da 

75 
76 

do. 

..    ,da 

77 
78 

do 

da 

MINING   AS  BELATED  TO    PRODUCTION    OF    DUST. 


II  of  Ae  Joplin  dutriel. 


Poor.. 

Wet.... 

is<;:i 

8l" 

Foot.. 
Poor.. 

S;; 

Wet... 

Wet... . 

Is 

SB.i 

i 

£;; 

1::: 

M.S 

m 

61 

P»lr... 

Dry.... 

- 

« 

FUr... 

1:: 

I 

IS 

61 

Poor.. 

w.t.... 

N.S 

01.1 

Pom,. 
Poor". 

5S:::: 

WBt.... 

w«.... 

S5:.:: 

60 
BD 
60 

to 

Blis 
6L6 

Poor.. 

Wet... 

60 

61.fi 

Poor.. 

Dwnp.. 

«as 

62 

Poor.. 

Wot... 

eas 

62 

£: 

^;; 

eo-s 

63 
62 

Non... 

Wot.... 

w 

61.  S 

Poor.. 

Wet.... 

to 

61.  B 

Poor.. 

Wet.... 

so 

61.  S 

K 

Wet... . 

D«mp.. 

» 

61.  S 

oood.. 

nunp.. 

S£ 

37 

D«cp.. 

15 

If 

BamplM  40  to  48  taken  to  show 
quantltT  of  dust  made  drlUlng 
irltti  piston  drill  Djid  no  vater. 


impore  quantity  o[ 


mp&re  vlth  suapln  7>  ti 
.    2  machlneg  vorldac  ■ 


JHS 


Kew  hole  started  fl.i 


Drill  stloklDE  at  iDtervela. 


Drill  working  In  heading,  SO  leat 
''»Te  point  of  rampUng. 

le  dust  made  bj  d  irt  oomlng 
-gwn  from  lieadtag. 
.    Bulb  broken. 


3  shovelers  bI»  vorklng  v 


SBinpled  73  to  TS  tBlun  to  deter. 
mine  quantity  or  dust  nude 
Id  dumping  bucket  at  top  ol 

InE  large  bowlders  an  grliily, 
6  [<et  below  point  ot  sampling. 
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SILICEOUS  DUST  IN  BELATION   TO  PULMONARY  DISEASE. 


Table  8. — Description  of  tiUceouM  dust  samples  taken 


^ 
^ 


79 


80 
81 
82 
83 
84 
85 

80 
87 
88 
80 

M 
01 
02 
03 
04 
05 
06 


07 

08 

00 

100 

101 
102 
103 
104 
106 
106 
107 
108 


100 

110 


111 

112 
113 
114 

115 


116 
117 
118 
110 


o 
a 


801 


325 
385 
308 
540 
802 
648 

058 
000 
207 
345 

057 
054 
055 
050 
315 
051 
211 


304 
306 
306 
307 

308 
300 
313 
317 
647 
642 
543 
544 


545 

546 


063 

663 

500 
210 

085 


086 
088 
635 
816 


A 

A 
A 
A 
A 
A 

D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 


£ 
E 
E 
E 

E 
E 
E 
E 
E 
F 
F 
F 


F 
F 


F  . 
F 

F 

O 


0 
Q 
Q 
O 


Date 
(1015). 


Mar.    1 


...do 

...do...., 
...do..... 

...do 

...do.... 
...do.... 

Mar.    8 

...do 

...do 

...do 

...do.... 
...do — 
...do — 

...do 

...do 

...do.... 
...do.... 

Mar.    5 
...do.... 

...do 

...do.... 

...do.... 
...do.... 

. .  .QO  ... 

...do.... 

...do.... 

Mar.    8 

•  •  •  \aU  •  •  •  • 

...do.... 

...do.... 
...do.... 

...do.... 

...do.... 
...do.... 
...do.... 

Mar.  10 

...do.... 

...do 

...do.... 
...do.... 


Time. 


p.  m. 
3.15 


2.30 
3.45 
8.00 
8.16 
8.30 
8.45 

a.m. 

0.16 

0.30 

0.46 

10.00 

p.  in. 
3.16 
2.26 
2.30 
2.46 
3.00 
3.16 
3.30 

a.  m. 
0.30 

0.60 

10.16 

11.00 

p,  n, 
2.25 

2.30 

3.56 

3.00 

3.20 
a.  HI. 
10.30 

10.46 

11.00 

p.  fit. 
1.00 
1.40 


2.00 

2.16 
2.45 
8.00 

2.30 


2.46 

3.05 
4.30 
450 


Where  taken. 


30  feet  from 
teoe. 


....do... 
....do... 
....do... 
....do... 
....do... 
....do... 


Point  A. 
Point  B. 
Point  A. 
Point  B. 


PointA 

Faoe,nearpointA 

Points 

PointA 

PointB 

PointA 

Faoe,nearpointA, 


Sooth   face, 

cfaJneS. 
South  laoe... 


126  itet  from  aoath 

ttob. 
North  teoe 


300  feet  from  north 

face. 
North  face 


South  laoe. 


00  feet  from  south 

faoe. 
3B0  feet  fhm  south 

faoe. 
Face  northeast  of 

north  shaft. 
Fftoe  northwest  of 

north  shaft. 
Faoe  west  of  north 

shaft. 


do 

Machine  No.  8. 


Maflhine  No.  5. 


.do. 
.do. 


Faoe  northwest  of 
north  shaft. 


Drift  14  east. 


Drift  0  east... 
Drift  5  east... 
Drift  2north 
Drift3  north. 


Work  progressfni;. 


Posittonofbulb. 


DriUiagatiKe. 


5  feet  from  floor. 


...do.. 
...do.. 
...do.. 
..do., 
...do.. 
..do.. 


General. 

.....do.. 

.....do... 

....do.. 


.do. 


Blowing  hole  dry . . 

Qeneral. 

.....do 

.....do 

.....do 

Blowing  damp 
holes. 

DriUlDK  and  shov- 
eling. 

Blowmg  damp 
holes. 

None 


Drilling  breast 
hole. 


None. 


Blowing  wet  stope 

hole. 
Starting  stope  hole 


None.. 
.....do, 
.....do. 


Drilling  breast 

hole. 
Shoveling 


do 

Drilling  roof  hole.. 


.do. 

.do. 
.do. 
.do. 

.do. 


Shoveling. 

None 

do 

Shoveling. 


.do. 
.do. 
.do. 


.do. 
.do. 
do. 


5  feet  from  floor. 

do 

.....do 

do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


15  feet  from  drflhDBB  i 
and  diovelen..     ' 
5  feet  fkom  floor. 


.....do 

3  feet  from  hole. 

5  feet  from  floor. 

.....do 

.....do 

.....do 

do 

do 


6  feet  from  hole  and 

floor. 
Atshovelor'shead.. 


.do. 


3  feet  from  floor. 


6  teet  from  floor. 


.do. 
.do. 
.do. 


4  teet  out  Ihmi  hole. 


SlBOtfiromfloor. 

do 

do 

.....do 


MINING  AS  BEIATED  TO  PBODUCTION  OF  DUST. 
sheet-ground  mmet  of  Ihe  Jopltn  (Jufnee—CoatiDued. 


°9 


Dunp.. 

flo" 

fliTs 

to 

so 

ii.s 

siis 

Sl.fi 
61.  G 
flZS 

B:::: 
g?:::: 

so 

i: 

to 

83 
83 

B:;:: 

I>rj.... 
D17..- 

83 
83 

S3 

Drj.... 

B8 

80 

Drjr.... 

68 

80 

Dry.... 

SS 

80 

Dry.... 

w 

81 

Dry...- 

«0 

S3.e 

Dry.... 

00 

ta.i 

Dry.... 

«0 

S3.E 

Dry.... 

00 

83.6 

Dry.... 

flO 

S3.fi 

Wit.... 

II3.E 

M 

Wet.... 

SI 

83 

Wrt.,.. 

SI 

63 

Wet.... 
Dry.... 

SI 

83 
83 

Wet... 

St 

a 

Wet..,. 

H 

» 

Wet.... 

54 

68 

Wet.... 

U 

SO 

DMip.. 

<» 

» 

so 
so 
so 
so 

■Terace  condlUana  duriiiK  day. 


Holes  wet  with  squirt  gun,  Dot 

■HecUve. 
DtUllng  and  shovellnc  at  Face, 

Bulb  held  ckoa  to  hce,  on  same 
leval  with  bole,  3  feet  to  right. 

Takea  6  mlautea  alter  aqiilb- 


Taken  SO  feet  back  rrom  pc 


Bole  [n  4  [»et;  sample  bulb  bald 
i  trat  below  and  t  leet  (0  right 


3  feet  below  and  3  fB»t  to 
hole. 
8aiapl«r  stood  fr 
tlononlai-^-- 
of  hole. 

reaulBT  Equlbbing,  at  4  p.  m., 
wnkh  made  coEuudarable  dust 


t  Bulbs  held  at  Tarlous  disluioss. 


SlUCEOUB  DU6T  IN  BELAIION   TO  PU1.M0NABY  DISEASE. 
Tablb  6.—Dt»tription  of  tiUeeoia  du*t  tampla 


! 

i 

I 

1 

IWli). 

TlDM. 

■munOkia. 

Work  prognBlne.  |     Position  uf  ^ 

!? 

Ml 

m 
nt 

M8 
BU 

MS 
MT 

i 

m 

30§ 
WO 

SIT 
MT 
H3 

543 

541 
54« 

A 
A 

i 
I 

E 

£ 
E 
E 

E 
F 
F 

F 

llu.     1 

-do 

..do..... 

::£;;;; 

..do..... 

..do 

...do 

...do 

..do 

..do 

::fc:::: 

..do 

..do 

Uv.    t 

...do 

...do 

...do 

...do 

...do..-. 

...do 

...do 

lUr.    8 

...do 

...do 

...do..., 
...do.... 

3.40 
1.00 

ii 

"Is 

id!  en 

3.10 
1.S0 

Is 

1.30 
%"» 

10.15 

1.U 

1.30 

lau 

11.00 

30  tat  torn  WMt 
....do 

DriUmcMEwe...- 

StMtlromI 

Si 

SB 
S7 

a 

w 

w 

91 
B3 

as 

M 

B7 
W 
W 
100 

10! 

: 

100 
■OS 
107 

loa 

PolatA 

Point  B 

Point  A 

;:;::S;:::::::::::: 

KSIS 

•ar- 

IXShethanioatb 

IMO, 

Nsrthlus 

100  tMl  tram  nortta 

Boathtacs 

OOtHttfromwMlIi 
miMttromioiitli 
F^SS^MhOMtol 

FuawMofnorlli 

-SIS"" 

lUifelMMo.t<.. 

TtLea    300    iMt    bum    oetrtM 
,      work. 
Tak«n    350   fMt   from    neantt 

wwk. 
TiVsu  60  fml  trem  drills. 

tag:  UktB  IS  1»C  (torn  nonet 

Hotolnfitort. 

XeD  working  at  Iu»  350  iMt  db- 

No  Vkl«  nod. 

Hocb  wat«r  iLs«d  from  »n>aret« 

Udb:  taksQ  10  Iwt  lo  rl|bt  ot 

drill  hola. 
Squlbbed  ll-toot  stop*  hola,  00 

water  used. 
SunpEes  133  to  13S  t4keD  to  Aim] 


.   Bhovelera  mn 


mucb  diut.  powder  unoke,  mmI 

Ijunples  llSto  153  takM  to  d«- 
laimliuiEMianl  omdltkiiu  Id 
mine,  rant  A  wia  30  tact 
from  looak  Itos.  Tbraa  w>l«r 
dims  and  t  tboralara  warklng 
within  100  feet  ot  nmplet. 
Wet  ulldH  foot  and  air  mut^. 


BirlhlU*.  (stOldneol  piston 
drills  and  T  sbovelen  wortuig 
witbin  100  taet  of  aamplet; 
w«t  nDdartmn.  Water  Tapor 
■- —  It  both  polnta. 


Ir  boM  Uled  wltti  VI 


2.  Sf>  I  Hole  S  feat  from  Door. 
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SIUGEOUS  DUST  IN  BELATIOK  TO  PULMOKABY  DISEASE. 


Table  8. — DeMription  of  tiiieeoua  duMl  mnnpieg  taken 


120 
121 

122 

123 
124 
125 

126 


127 

128 

129 
130 

131 

132 
133 
134 
135 
136 
137 
138 


143 


144 

145 
146 


I 


150 

151 
152 
153 


154 
155 
156 

157 


o 


318 
322 

564 

567 
967 
968 

608 


609 

611 

612 
613 

615 

617 
601 
G02 

eai 

004 
605 
GOG 


139  I  G07 


140  I  962 

141  9(.9 

142  973 


084 


619 
987 
533 


147  I  963 

148  I  992 

149  i  995 


618 
279 
534 
202 


961 
980 
981 

982 


I 


G 
O 

G 

G 
O 
G 

H 


H 

H 

H 
H 

H 

H 
G 
G 
G 
G 
G 
G 

G 

I 
I 
I 


I 
I 
I 


I 
I 
I 


I 
I 
I 
I 


J 
J 
J 


Dat« 
<1915). 


Mar.  10 

..do.... 

..do 

...do 

..do 

..do.... 

Mar.  11 


...do 

...do.... 

..do.... 
..do.... 

..do.... 

..do 

Mar.  12 
..do.... 
..do.... 

..do 

..do.... 
..do 

..do 

Mar.  15 

..do 

..do 


Mar.  15 


Time. 


..do 

..do. ... 
..do — 


.do... 
.do... 
.do. . . 


.do... 
.do... 
.do... 
.do... 


Mar.  18 
...do. ... 
...do. . .. 

...do. ... 


p.  fa. 
5.00 
5.15 

5.25 

5.35 
5.45 
6u00 

2.00 


2.05 

2.20 

2.30 
3.00 

3.25 

3.30 
9.15 
9.30 
9.40 
9.50 
10.00 

iao5 
iai5 

a.  m. 
10.00 
10.20 
10.40 


2.00 


2.20 
2.40 
3.00 

a.m. 
10.10 
10.30 
10.50 

p.  m. 
2.10 
2.30 
2.50 
3.10 

a.  m. 
9.15 

10.15 

10.25 


10.45 


Where  taken. 


of 


Drift  5  north.. 

300  feet  south 
air  drift. 

260  feet  floath  of 
air  drift. 

Drift  Mo.  11 

Drift  No.  13 

Drift  north  of  lay- 
by 4. 

Soath  west  face... 


.do. 


260  feet  ^m  soatb- 
westfiice. 

Northeast  feoe 

North  fkoe 


Northeast  iBoe. 


North  fkMse.. 
Drift  No.  5.. 
Drift  No.  7.. 
Drift  No.  8.. 
Drift  No.  10. 
Drift  No.  11. 
Drift  No.  13. 

Drift  No.  18. 


Work  piiogieaatng. 


ShoiraUng. 
None 


do 

Drillfais 

ShoveuDg 

Blowing  damp 

holes. 
Drilling  and  shor- 

eling. 

DrllUng  roof  hole 

dry. 
None 


Poaitionofbulb. 


6  feat  from  floor. 
do 


Point  A. 

do... 

....do.. 


PotaitA. 


.do. 
.do. 
.do. 


Point  B. 

do.. 

....do.. 


.do., 
.do., 
.do., 
.do.. 


Face,  400  feet  west 

of  shaft. 
Face,  600  feet  west 

of  shaft. 
Face,     700     feet 

southwest      of 

shaft. 
Face,     800     feet 

southwest      of 

shaft. 


Starting  stope  hole 
Drilling  roof  hole.. 


5    minutes   after 

squibbing. 
Driuinr  roof  hole.. 

After  blasUng 

do 


....do. 
....do. 
— .do. 
After 


blasting; 


drilling 
After  blasting 


General. 

.do.. 

....do.. 


Genonl. 


....do. 
....do. 
....do. 


.do. 
.do. 
.do. 


..do. 
.do. 
.do. 
.do. 


Blowing  wet  hole. 


DrllUng 

hole. 

....do.. 


breast 


Drilling  roof  hole. 


.do. 

.do. 
.do. 
.do. 


.do. 


At  dflllman's  iMad. 

6  feet  from  floor.... 

4  feet  above  hoto... 
4feet from  floor 


.do. 


.do. 

.do.. 

.do.. 

.do.. 

.do.. 

.do. 

.do.. 


.do. 


5  feet  from 

.....do 

.....do 


5  feet  fftMn  floor. 


..do. 
..do. 
..do. 


.do. 
.do. 


.do. 


do.. 

do... 

do.., 


1 


....do 

SfiMtontlhimliolo.. 
Athalper'shaad 


.do. 


MINING  AS  RELATED  TO  FBODUCTION  OF  DUST. 

in  dutt-groand  mine*  of  the  Joplin  (Hilrict — Continued. 


Pom.. 
Good.. 

Dry.... 
Dry.... 

H 

flO-S 

X 

li 

"« 

<nb 

Tts 
tss 

Fiir... 

Dry.... 

ss 

SO.S 

SS 

3i 

4S 

1.40 

3.11 

Pa*.. 
Pom.. 
Now.. 

Dry.... 

K::: 

i 

iS 

M 

i 

<s 

:» 

too 

1.7S 
2.00 

Nona.. 

Dry.... 

ei 

n 

M 

^ 

4G 

.70 

1.66 

Non... 

dt.... 

« 

n 

M 

n 

iS 

.HO 

1.78 

Pen.. 

■»'•■ 

ai 

m 

M 

» 

4S 

.TO 

1.6S 

S^:: 

a.::: 

St 

^< 

H 

n 

« 

JI.SO 
.20 

11.00 

None.. 

Dry.... 

S8 

w 

M 

» 

4S 

6,80 

12.45 

?r:: 

a;; 

Dry.... 

i 

60,6 
«0.5 

wis 

fiO.5 

M 

96 

?! 

IS 

»s 

4i 

45 

IS 

Ik 

7:7 
3.1 

None.. 

W*..... 

se 

«0 

M 

21 

Ai 

,10 

.22 

Iz:. 

IS::: 

81 

81 

im 

i 

IG 

,«i 

2.00 
1.78 
1.10 

Poor.. 

•WtL... 

., 

n 

™ 

3J 

« 

.« 

,.» 

Poor- 
Poor.. 
Poor.. 

Wet.,.. 
Wei.... 

Wet.... 

11 

si 

100 

1 

i 

:«) 

2.23 

:»a 

Poor.. 

Wet.... 

fi&G 

1 

91 

i 

*s 

:» 

2.21 
1.10 

Fov.. 

S:::: 

Wet.... 
Wet..,. 

(W.S 

1 

SI 

I 

3 

*s 

1 

1.11 
.23 

:% 

Poor.- 

Dwnp. 

»5 

» 

81 

n 

■  16 

.70 

1.S6 

T^.. 

Damp.. 

»5 

ss 

n 

31 

16 

.70 

1.S6 

Poor.. 

Damp.. 

54.S 

ss 

91 

31 

16 

1.30 

2.88 

Poor.. 

Damp.. 

fi«.B 

58 

M 

11 

J6 

*■'" 

13. 5S 

Taken  300  feet  Iram   neacait 

Taken   2S0  feet  from   neanst 

irork. 
Taken  £0  feet  Irom  drills. 


Hole  In  e  teet. 

'orking  at  tiice  250  leet  ill>- 


ISaCh  vtUt  used  (run  separata 
line:  taken  10  feet  to  right  ot 
drnlhole. 

Squibbed  12-laot  stope  bole,  no 


tamplea  were  taken  were  sb 


dust,  powder  uuokBj  and 

vapor  In  them. 

Haniplts  IW  to  153  taken  to  da- 
tannine  geowal  eoadlUons  In 
mine.  Point  A  vu  30  [eet 
from  south  laoe.  Tbree  wauc 
drills  and  t  ihoraleca  irarklng 
wllhln  too  teet  ot  aamplec. 
Wat  under  loot  and  air  nuety. 
'olDt  B  wa»  BOO  teet  noctli  at 
point  A  and  40  feet  Irom 
north  lace,  t  aoUd  sted  piston 
drills  and  }  sbovelers  worimc 
within  100  teet  ol  sampler; 
vat  nndoiaot.  Water  vapor 
In  atmoapbere  at  both  points. 


Hde  Sleet  Irom  Be 
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Table  8. — Dueriptum  of  tUieeoua  dutt  9eanple$  taken 


6 

! 

6 

K 

L 

L 

L 

L 

L 
L 
L 
L 
L 

L 

L 
L 
L 
L 
M 

M 

M 
M 
M 
M 
M 
M 
M 
N 

N 

N 

N 
N 

N 

Date 
<1»16). 

Time. 

Where  taken. 

Work  progrsMhtg. 

PosttioDofbuIb. 

158 

159 
160 

963 

638 

639 
640 

641 

642 

643 
644 

646 

646 

647 

648 
649 
620 
621 
622 

623 

624 
625 
633 
637 
860 

872 

873 
874 
889 
890 
892 
898 
899 
634 

635 

891 

893 
894 

895 

Mar.  18 

...do. . .. 

...do 

...do 

...do 

...do. .. . 

...do 

Mar.  22 

...do.... 

...do 

...do. . . . 

...do 

...do.... 

...do 

...do.... 
...do 

...do 

...do. . .. 
...do. .. . 
...do... . 
...do.. . . 
Mar.  23 

...do.. . 

. ..do. . . . 

...do 

...do 

...do 

...do 

...  do ... . 

— do.. . . 

Mar.  24 

...do 

...do. . .. 

...do. . .. 
...do. . .. 

...do... . 

e.  m. 
11.00 

p.  fli. 
1.30 

2.00 

2.30 

2.40 

3.00 

3.06 
12.50 

1.00 

1.50 

2.15 

2.30 
2.45 
3.00 
3.15 
8.55 

4.05 

4.15 
4.25 
4.40 
5.00 
1.20 

1.50 

2.00 
2.15 
2.25 
2.35 
2.45 
3.00 
3.15 
12.50 

1.00 

1.25 

2.15 
2.30 

2.45 

Soathwestfooe — 

Face,     400     feet 
west  of  shaft. 

Face,  600  feet  west 
of  shaft. 

Face,     800     feet 
southwest      of 

Face,     400     feet 
west  of  shaft. 

do 

Faoe^southwestof 

shaft. 
do 

Various  Unds 

Drfnfaig      breast 

hole. 
Bhovi^lfror. .  r..-.  v. , 

20  feet  from  drill 

7  feet  oat  from  hol«. 

5fB«t  from  hole 

do 

161 

After  sQuibblnfl: ... 

162 

163 

164 

165 

do 

DrlOfng       breast 
hole. 

do 

N<Hie 

1 

do 

10  feet  out  from  hole . 

2  feet  out  from  hole . . 
20  feet  from  fMe 

3feet  from  floor 

4feetfkom  floor 

3feet  from  floor 

do 

do 

166 

Drilling  and  shov- 
eling. 

.....  do  ...........a 

167 

Face,    south    of 

shaft. 
Face,    southwest 

of  shaft. 
do 

168 

Shoeing .  ... 

169 

do 

170 

do 

do 

do 

do 

171 
172 
173 

do 

do 

None 

do 

do 

4  feet  from  floor 

do 

174 

Face,  west  of  shaft. 
do 

After  squibbing . . . 

175 

do 

1 
do 

176 

do 

do 

do 

177 

do 

do 

do 

178 

do 

do ............ 

do 

179 

Northeast  face — 

Station  northeast 
of  shaft. 

do 

Various  kinds 

do 

180 

do 

.....  do ..._.......... 

181 

do 

do 

182 

do 

do 

do 

183 

.....  do  ............ 

do 

do 

184 

do 

do 

do 

185 

do 

do 

do 

186 

do 

do 

187 

do 

do 

do 

188 

Face,     200     f^t 

southeestof  shaft. 
Face,     250     feet 

southeast  of  shaft. 
Face,  350  feet  east 

of  shaft. 

do 

Face,     250     feet 

southeast  of  shaft 

* i 

Drininj; 

do 

189 

do 

do 

190 

do 

do 

191 
192 

Blow! mc  wet  holes . 
Drilline 

**" 1 

.*.... do 

do 

do 

. . . .  .flo. ......•« 

193 

do 

5  feet  from  floor,  3 
feet  out  firom  hols- 

lUSIna  AS  KBLATH)  TO  PBODTXCTION  OF  DUST. 

n  Ant-fntrnd  mwim  of  Stt  Joplm  dmirici — Contianed. 


if 


LUtn 

P^ 

rfe 

« 

1.40 

1.11 

*i 

.M 

LU 

« 

3.19 

aito 

u 

uao 

« 

.M 

1.II 

4E 

:iS 

1.78 
LU 

46 

1.00 

3.33 

« 

.70 

LU 

U 

.«0 

L» 

.70 
.CO 

1 

ts 

.00 

« 

1.80 

4.00 

41 
4t 

4S 

LM 
.70 

■ts 

L33 
1.10 

4t 

.« 

LS3 

46 

1 

■i 

3.88 

ts 

LID 
IBS 

1m 

4i 

.00 

iro 

4i 

.to 

3.00 

41 

.40 

.SO 
3.44 

41 

■' 

3.  or 

S  drin*  and  5  ihofttora  worktni 
Mkm30fMtI ■  ■* 

BdtlltmtlD. 


drlfl. 


■intb    (hot.    Top    lajCT   ot 
Compue  vlUi  No.  IH. 


ui»|w  IBS  U  173  tekra  at  wnw 


•  174  to  11 
iMnnlM  tt 


I  b«tnf  tboroD^r 


B  fnt  and  1  drOI  MP 
IMt  from  polDt  ol  mnpUiiK. 
Sunplw  ISOte  187  tBken  at  pohit 
30  not  from  nirtbnsC  hca,  4 
■did  itMl  |49Kin  drilla  *nd  e 
ilMvMen  irace  wtrUng  vltbln 
100  iKt.    ftcB.  nwC.  loa  flonf 

Bqnibbliw  and  Uowlns  hdM 
traqtMBtly. 
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Tablb  S.^Detcnption  of  wiHeeous  dust  tampUt  taken 


o 

I 


2M 
1« 
196 

197 


201 

202 

203 
204 

206 

206 

207 

206 

209 
210 

211 

212 
213 
214 

215 
216 
217 
218 
210 
220 
221 
222 


o 
Xi 

9 


896 
897 
900 


864 
865 

675 


606 
670 


869 

671 

672 
860 

861 

857 
674 
966 

989 
990 
991 
992 
993 
994 
996 
996 


I 


N 

N 
O 

G 

H 

H 
H 

H 

H 

H 
H 

O 

O 

O 

O 

O 
H 


H 
H 
O 

Q 
G 
G 
G 
G 
G 
G 
G 


Date 
(1915). 


Iter.  24 
...do.... 
Iter.  25 

...do 

Apr.    7 

...do 

...do 

...do 

»  •  •  U V  •  •  •  •  a 

...do 

Apr.  28 

>..do 

..do 

...do 

...do 

Apr.  30 

...do..... 

...do 

May    1 

...do 

...do 

...do 

...do 

...do 

...do 

...do .... 

>  *  *  Uv«  •  •  • « 


TiBM. 


2.50 
3.00 
9.45 

laoo 

2.25 

2.30 
2.40 

3.20 

3.40 

3.45 
3.50 

1.00 

1.25 

1.40 

2.00 

2.25 
2.40 

8.00 

3.18 
3.30 
4.50 

5.06 
5.25 
5.45 
6.06 
6.35 
7.10 
7.50 
8.30 


WlMretaka. 


Faoe.     250     feet 
soatheut  of  shaft. 
do 


Heading  No.  8. 


Heading  No.  10.. 
Southwert  head- 


•"Si 


250  feet  frcHn  nath- 
westiuje. 

100  foet  east  of 
north  shaft. 

100  feet  lh>m  north- 
west fuse. 

20  feet  from  north- 
west Cmm. 

20  feet  from  north 
face. 

20  feet  ftom  north- 
west fsoe. 

20  feet  from  nortli 
face. 

20  feet  fipom  north- 
west Cmm. 

do 

50  feet  from  north 
iiMse. 

126  feet  from  north 
iiMse. 

do 

do 

Heading  No.  11... 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Work  prograsBlng. 


drilling 

do.. 


U     hours     after 
blasting. 

1|    hoan    after 

blasting. 
DriUing  Mid  sboT- 

eling. 

None 


Slioveling 

Varioas  places  at 


do 


None. 


ShoTeUng    and 

driUing. 
10  minutes  after 

squibbing. 
Shoveling    and 

driUing. 

do 

ShoTeling    and 

driUIng  at  fsoe. 
.....do 


do. 

do. 

None.. 


.do 

.do 

.do 

.do..... 

.do 

.do 

.do 

.do 


FoBttioo  of  bulb. 


5  feet  from  floor,  10 

feet  OQt  tmok  hbla. 

4  feet  from  floor. ... . 


5  fset  from  floor. 


.do. 
.do. 


.do.. 
.do.. 


At  shoveler's  Iiead . 
5  feet  ftam  floor.... 


do 


...do 

...do 

...do 


.do. 
.do. 

.do. 


...do... 
..do... 
..do... 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.do. 
.do. 
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as 

H 

a" 


Ft. 

10 

25 

ao 
ao 

15 

5 
250 

4 

100 

100 
100 


30 

20 

30 

30 
50 

125 

125 

125 

15 

15 
15 
15 
15 
15 
15 
15 
15 


5 


Poor.. 
Poor.. 
Poor- 
Poor.. 

Poor.. 

Poor.. 
Poor.. 

Poor.. 

Poor.. 

Poor.. 
Poor.. 

Poor.. 

Boor.. 

Poor.. 

Poor.. 

Poor., 

NOM. 

None. 

4 

NoDO  , 

None. 
Poor.. 

Poor. 
Poor. 
Poor. 
Poor. 
Poor. 
Poor. 
Poor. 
Poor. 


If 

I 


Dry.... 
Dry.... 
Dry.... 

Dry.... 

Dry.... 

Dry.... 
Dry.... 

"OS..., 

Dry.... 

Dry.... 
D^,... 

Wot.... 

Wot.... 

Wot.... 

Wot.... 

Wot.,.. 
Dry.... 

Dry.... 

Dry.... 
Dry.... 
Damp. 

Damp. 
Damp . 
Drtnp. 
Damp. 
Damp. 
Damp . 
Damp . 
Damp. 


tora. 


U3 

I 


67.6 
67.6 


68 

00.6 

03 
00 

00 

02.6 

02.5 
02.6 

01 

01 

61 

61 

•1 
00.6 

00.6 

00 
00 
00 


I 


00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

68.6 
68.6 
00 

00 

08.6 

04 
08 

08 

06 

06 
06 

02 

02 

02 

02 

62 
02.6 

08.6 

08 
08 
00 


I 


04 
84 


84 

90 
84 

84 

87 

87 
87 

94 

94 

94 

94 

94 


84 

84 

100 

100 
100 
100 
100 
100 
100 
100 
100 


iflll. 

8i 
8i 

I 

2 

2 

2 

2 

2 
2 


2 
2 
2 

2 
2 
2 
2 

8 
2 

2 
2 


3 


45 
45 
46 

46 

46 

46 
46 

46 

46 

46 

46 

42 

42 

42 

42 

42 
42 

42 

42 
42 
42 

42 
42 
42 
42 
42 
42 
42 
42 


f 


Iff. 

a6o 

.00 
2.00 

.00 

.80 

.20 
.90 

.00 

.00 

1.00 
10.30 

.20 

.00 

1.20 

.00 

1.40 
.00 


.60 

1.20 

.80 

.00 
.10 
.00 
.00 
.70 
.40 
.20 
.00 


I 

s 

2.^ 


Mg. 
1.10 

1.83 

4.45 

.00 

1.78 

.45 
2.00 

.00 

1.33 

8.66 
23.80 

.48 

1.43 

2.86 

2.14 

3.33 
1.43 

.48 

1.19 
2.86 
1.90 

.00 

.24 

1.43 

1.43 

1.66 

.98 

.48 

.00 


Bamarks. 


Compara  with  aampteo  96  to  lOO. 
Pan  waa  nmnJng  In  No.  7 
shaft. 


Much  water  in  tue. 


Watw  mmiing  on  dirt 


3  squiba  fired  at  8.45  p.  m. 
Shows  effect  of  firing  theS  squibs. 


Mnchpowdy  amoke  and  water 

vapor. 
Sampter  had  to  ratnat  because 

of  squib  shots. 
8  squibs  firsd  at  8.07  p.  m. 
Dust  working  back  from  face. 
Much  powder  smoke  and  water 

vapmr. 

Do! 
Do. 
Do. 
Much  water  vapor. 
Do. 
Do. 
Do. 
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In  studying  these  tables,  it  must  be  borne  in  mind  that  the  same 
operation  may  produce  widely  varying  quantities  of  dust  in  different 
mines.  As  pointed  out  on  a  previous  page,  the  rock  varies  in  dust- 
making  tendency  in  different  parts  of  the  sheet-ground  district ;  again, 
the  presence  or  absence  of  water  in  the  working  place  is  an  important 
factor.  Ventilation  also  has  an  important  effect  on  the  time  that 
dust  may  remain  in  suspension  in  the  working  places. 

Samples  taken  at  different  hours  of  the  day,  also  those  taken  at 
night,  in  all  parts  of  the  mines,  show  varying  quantities  of  dust.  In 
many  of  the  mines  where  it  was  customary  to  squib  and  blow  holes 
excessively  just  before  loading,  a  far  greater  amount  of  dust  was 
produced  in  the  period  between  3  and  4  o'clock  in  the  afternoon. 
Although  some  of  the  samples  taken  indicate  this  condition,  it  is  not 
brought  out  as  clearly  as  it  should  be.  Owing  to  the  necessity  of 
leaving  the  face  when  holes  are  squibbed,  there  was  often  difficulty 
in  sampling  during  this  period. 

Due  consideration  should  be  given  the  fact  that  in  taking  samples 
close  to  shovelers,  or  beside  driUmen,  the  mine  air  in  the  vicinity 
contained  a  certain  amount  of  dust  produced  by  other  work.  For 
instance,  in  obtaining  a  sample  of  dust  produced  by  drilling,  a  hole 
might  be  blown  in  a  near-by  working  place,  and  the  dust  so  produced 
would  vitiate  the  sampling  at  the  drill.  Such  samples  were  rejected. 
In  some  cases,  where  the  interference  was  only  nominal,  the  samples 
are  included  in  the  tables  with  explanatory  notes. 

The  samples  show  that  dust  is  produced  in  wet  working  plac^  as 
well  as  in  dry  places.  By  holding  a  carbide  lamp  so  that  the  eyes 
are  shaded,  dust  may  be  seen  with  ease  in  the  light  rays.  How- 
ever, smoke  from  shots  or  visible  water  vapor  in  a  stream  ei  light 
much  resembles  dust,  a  fact  that  may  lead  miners  aad  others  to 
believe  that  a  working  place  is  much  dustier  than  it  reaUy  is. 

BLOWINO  DBILL  HOLES. 

Sample  91,  taken  at  a  point  10  feet  from  a  drill  hole  being  blown 
dry,  showed  228.45  milligrams  of  dust  per  100  Uters  of  air.  There  is 
no  doubt  that  the  blowing  of  dry  holes  causes  more  dust  than  any 
other  detail  of  mining.  That  a  squirt  gun  is  not  always  effective  in 
wetting  the  dust  before  blowing  holes,  and  that  damp  holes  will  make 
considerable  dust,  is  shown  by  samples  No.  96  (11.55  milligrams) ;  No. 
98  (5.11  milligrams);  and  No.  16  (4.29  milligrams).  Holes  that  are 
naturally  wet,  or  that  are  thoroughly  wet  by  using  a  hose  and  nozzle, 
make  very  little  dust,  as  shown  by  samples  No.  102  (1.34  milligrams), 
No.  154  (1.55  milligrams),  and  No.  191  (0.90  milligrams). 
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DBILLINO. 

Samples  taken  to  determiiie  the  quantity  of  dust  made  by  drilling 
varied  widely.  The  chief  factors  in  this  variation  were:  The  aiAount 
of  water  made  or  suppUed  at  the  face,  the  distance  from  the  collar  of 
the  drill  hole  at  which  the  sample  was  taken,  and  the  dust-producing 
tendency  of  the  rock.  The  most  important  facts  brought  out  by  the 
samples  of  dust  produced  by  drilling  were  the  following:  The  greatest 
quantity  of  dust  is  produced  when  the  hole  is  being  started,  decreasing 
as  the  hole  becomes  deeper.  In  general,  roof  holes  produce  more 
dust  than  breast  holes,  and  breast  holes  produce  more  than  stope 
holes.  The  quantity  of  dust  in  the  samples  decreases  rapidly  with 
the  distance  away  from  the  drill  hole.  Little  or  no  dust  is  produced 
from  wet  holes.  These  points  are  demonstrated  by  most  of  the 
samples  listed  in  Tables  9  and  10,  which  contain  the  drilling  samples 
embraced  in  Table  8. 


Table  9. — D<Ua  regarding  iamples  of  dual  produced  by  drilling  without  water. 


Sample  No. 

Hln«. 

Distance 
of  sam- 
ple bulb 
(rom 
hole. 

Kind  of 
of  hole. 

Depth 
of  hole. 

Dust  per 

100  liters 

of  air. 

40 

A 

A 

A 

A 

A 

A 

A 

A 

A 

S 

E 

F 

H 

H 

V 

N*'.!!!!!! 

N 

N 

N 

N 

N 

N 

Feet. 

8 

8 

8 

8 

8 

1.5 

8 

8 

8 

3 
10 

5 

8 

4 

5 

8 
10 

7 
10 

2 
30 
25 
25 
25 

3 
10 
25 

Breast. . 
...do. .. . 

...do 

...do 

...do.... 

...do... . 

...do.... 

...do.,.. 

...do.... 

...do.*.. 

Stope... 

Breast.. 

Roof.... 

Stope... 

Breast.. 

...do. ... 

Roof 

Breast. . 
...do.... 
...do... . 
...do.... 
...do... . 
...do. ..  . 
...do... . 
...do. .. . 
...do... . 
...do... . 

Feet. 

10.25 

10.75 

11.50 

12.00 

.17 

.25 

.50 

2.00 

2.50 

1.00 

.25 

6.00 

6.00 

.17 

t(.00 

6.50 

.33 

12.00 

'    6.00 

6.00 

4.00 

4.00 

4.00 

6.00 

6.50 

6.50 

3.00 

2.86 

41  a 

2.80 

42a 

2.28 

43  a 

2.00 

44  a 

12.86 

45a ^ 

221.71 

46a .• 

2.28 

47  a 

.57 

48a 

.67 

100 

35.78 

103 

13.55 

107 

1.55 

127 

1.78 

129 

10.00 

155 

1.55 

156 

1.30 

157 

13.56 

159 

3.11 

163 

1.11 

164  a 

1.78 

188 

.90 

189 

2.00 

190 

2  00 

192 

2.44 

193 

2.67 

194  a 

1.10 

195 

1.33 

0  Taken  at  same  point  as  preceding  sample. 
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Tablb  10. — Data  regarding  9ample$  of  dust  produced  by  drilling  wet  or  damp  holes. 


Sample  No. 

Mine. 

Dislaiioe 

ofsam- 

ptobolb 

from 

hole. 

Kind  Of 
bolBu 

Depth 
ofholA. 

fikmroa 
of  water. 

I>iistper 

lOOUtars 

of  air. 

55 

A 

A 

A 

A 

A 

A 

A 

C 

C 

F 

F 

F,...J.. 

F 

F 

O 

H 

H 

I 

I 

J 

J 

J 

J 

J 

Feet. 
8 
8 
8 
8 
8 
8 
8 
8 

8 

5 

11 

20 

75 

7 

4 

12 
30 

30 

40 

5 

8 
10 
10 

2 

Breast.. 

m  m  m%MOm  ••   • 

...do.... 
...do.... 
...do... . 
...do... . 
...do... . 
...do.... 

.  ..QO.  ... 

...do. ..  . 
Boof 

(blgli). 
...do... . 
...do... . 
...do.  ••. 
...do. ..  . 

. .  .QO. ... 

...do. .. . 

Varioiu. 

. .  .do. .. . 

Feet, 
11.5 
.17 
1.00 
1.50 
2.00 
2.33 
2.00 
8.50 

4.00 

6.00 

.50 

1.26 
2.00 
2.00 
2.76 

8.00 
1.50 

Swmy.., 
...do.... 
...do... . 
...do. ... 
...do.... 
...do... . 
...do.... 

Damp 

toco. 
...do. ... 
...do. ... 

Wet  face 

...do.... 
...do-..- 
...do... . 

Damp 
fa43a. 

Spray  ... 

Damp 

1.43 

56  a 

2.28 

57  0 

1.71 

58a 

1.14 

59  a 

.00 

60a 

.00 

61a 

.29 

TO 

1.78 

71 

.45 

107 

1.55 

Ill 

S6l9D 

112« 

4.67 

113  a 

5.33 

114 

7.33 

115 

S.11 

130 

.44 

132 

1.10 

A  6 

1.4S 

B« 

1.11 

155 

BMUrt.. 

Boof 

Breast.. 
...do... . 

8.00 

7.00 
1.00 
6.00 
6.00 

Damp 

toCOL 

...do. ... 
...do. .. . 
...do. . . . 
...do 

1.55 

156 

2:88 

157 

13.55 

163 •. 

1.11 

164  a 

1.78 

'Prosresa.    (Sm 


«  Taken  at  same  point  as  preceding  sample. 

ft  Sample  A  was  average  oisamples  140  to  146;  shoveling  and  drilling  with  water  drills  in ; 
Table  8. ) 

e  Sample  B  was  average  of  samples  147  to  153;  shoveling  and  drflUng  with  solid  steel  pistoo  drIDs  In 
progress;  Ibc^  very  wet.    (See  Table  8.) 


Samples  40  to  48  and  55  to  61  afford  an  interesting  Qompaxison  as 
to  the  quantity  of  dust  made  by  a  piston  drill  working  without 
water  (see  PL  X,  A)  and  the  same  drill  workmg  while  water  from  a 
nozzle  was  played  into  the  hole  from  time  to  time.  The  samples  inrere 
taken  at  intervals  of  15  minutes.  The  results  have  been  arranged 
in  the  following  table  for  convenient  comparison: 

Results  of  drilling  with  a  piston  drill  tnth  and  without  water  in  the  hole. 


Sample  No. 

Without  water. 

Sanq»loNo. 

Using  water  spfay. 

Depth 
of  bole, 

fAAt 

dost  in 

lOOUters 

of  air. 

Depth 
of  hole, 

ICOIi- 

dust  in 

lOOUten 

of  air. 

40 .'. 

10.25 

10.75 

11.50 

13.00 

.17 

.50 

2.00 

2.50 

2.86 

2.86 

2.28 

2.00 

12.86 

2.28 

.57 

.57 

55 

11.50 
.17 
1.00 
1.50 
2.00 
2.33 
3.00 

1.43 

2.28 

1.71 

1.14 

.00 

.00 

.20 

41 

42 

56 

57 

43 

58 

44 

59 

46 

60 

47 

61 

48... 

AvMnkffA 

A^BntfBa*-  m 

.» 

3.20 

B.    DRILLING  BREAST  HOLE  w 
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It  will  be  noted  that  about  three  and  one-third  times  more  dust  was 
produced  in  drilling  without  water.  The  results  for  samples  46,  47, 
and  48  would  have  been  higher  had  not  the  exhaust  from  a  near-b  j  drill 
carried  away  some  of  the  dust.  The  comparison  would  have  been  even 
more  striking  had  it  not  been  for  the  fact  that  the  working  place  in  both 
tests  was  comparatively  wet.  All  of  these  samples  were  taken  near  the 
driUman's  head,  8  feet  from  the  oollar  of  the  hole.  Sample  45,  which 
showed  221.71  milligrams  of  dust,  was  taken  1}  feet  from  the  hole 
when  it  was  only  4  inches  deep.  (See  Table  9. )  This  sample  obvi- 
ously contained  many  coarse  particles. 

Many  other  samples  were  taken  in  places  where  drilling  and  other 
mining  work  were  in  progress.  The  conclusions  to  be  drawn  from  all 
of  these  samples  are  that  drilling  in  wet  places  will  make  some  dust, 
though  not  near  as  much  as  drilling  in  dry  places;  and  that  dust  from 
drilling  may  be  practically  prevented  by  the  use  of  drills  that  provide 
for  introducing  water  into  the  hole  through  the  core  of  the  drill  (see 
Fl.  X,  B  and  O),  or  by  the  use  of  a  spray  or  stream  of  water  directed 
into  the  hole. 

SQUIBBINQ. 

For  convenience  in  studying  the  results  of  squibbing,  the  following 
tabulation  is  rearranged  from  Table  8. 

Data  on  dust  produced  by  squHMng  in  sheet-ground  mines. 


Sample  No. 


2.... 

18... 

27... 

28». 

38... 

131.. 

161.. 

1626. 

174.. 

WJ.. 


Number 
of  holes. 


CoiuU- 

tionof 

worUng 

place. 


Dry... 

Damp. 

Wet... 

...do.. 

Dry... 

. .  .do. . 

Damp. 

...do.. 

Dry... 

Wet... 


Ventila- 
tion. 


Fair.. 
...do. 
Poor. 

...do. 

...do. 
...do. 
...do. 
...do. 
...do. 
...do. 


Distance 
of  bulb 

from 

fftoe, 

feet. 


15 

15 
15 
15 
10 
20 
15 
60 
75 
20 


Time 

between 

squib- 

binff 

and 
sampling, 
minutes. 


3 
2 
2 
6 

30 
6 
8 

13 
5 

10 


ifffli. 
grams  of 

dust 

per 
lOOUters 

in 
sample. 


04.86 
4.29 
7.16 
6.71 
C4.00 
12.45 
6.90 
2.88 
4.00 
2.86 


a  Duplicate  showed  6.0  milligrams. 
^  Sample  taken  at  same  plaee  as  No.  27. 


e  Duplicate  showed  4.86  milligrams. 


In  addition  to  the  above  samples  many  of  the  general  samples 
shown  in  Table  8  included  dust  made  from  squibbing.  In  comparing 
the  samples  taken  after  squibbing  with  those  taken  during  drilling, 
shoveling,  and  other  operations,  there  are  two  important  allowances 
to  be  made — namely,  the  samples  taken  after  squibbing  were  collected 
some  minutes  after  the  shot,  and  at  distances  of  15  to  75  feet  from  the 
face;  whereas  the  samples  during  drilling,  shoveling,  etc.,  were  pro- 
cured while  the  operation  was  in  progress,  and  usually  at  points  closer 
to  the  source  of  dust.    The  time  interval  and  the  distance  factor  have 
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an  important  bearing  on  the  quantity  of  dngt  found  in  the  air.  It  is 
plainly  seen  that  squibbing,  next  to  blowing  dry  faoks,  is  the  chief  pro- 
ducer of  dwt  in  the  shaet-gpound  miiies. 

In  nearly  all  of  the  sampleB  obtained  after  aqnibhiag  the  sugar  in 
the  eampliBg  bulb  was  blackened  by  powder  smoke  to  a  d^tfa  of 
0(ne«ixteenth  to  one-lourth  moh.  Sample  174  (Table  8)  was  taken 
75  feet  from  the  face,  S  minutes  after  11  holes  had  been  squibbed. 
The  sample  showed  4  milligrams  of  diast  per  100  litera  of  air.  Imme- 
diately after  this  sample  was  taken  water  was  tamed  into  the  air  line 
and  the  working  places  were  thorou^^y  wet,  four  hoses  being  used. 
This  t^iraying  was  continued  without  interruption  for  30  minutes. 
Samples  tiJcen  at  10-minute  intervals  after  sample  174  was  collected 
showed  2.44,  IJ^  1.33,  and  1.33  milligrams  of  dust,  respectively. 

Inasmudi  as  wet  holes  when  squibbed  produce  nmch  dust,  al- 
though not  as  much  aa  dry  holes,  the  use  of  water  will  not  avail  to 
abate  the  dust.  The  only  remedy  is  to  atop  squibbing  while  the  shift 
is  at  work.  TUs  procedure  is  simple  enough  as  regards  squibbing 
for  chambering  holes,  for  that  work  can  be  done  as  the  dnf t  leaves 
the  mine.  The  chief  trouble  is  from  squib  shots  fired  to  remove  ob- 
structions from  the  hole  when  the  drill  steel  sticks.  Many  of  the 
miners  claim  that  the  amount  of  squibbing  can  be  reduced,  but  there 
are  cases  where  it  must  be  used  in  order  to  save  a  hole.  After  careful 
observation  for  a  period  of  several  months  the  writer  believes  that 
squibbing  is  largely  a  matter  of  habit,  and  that  the  sticking  of  the 
drill  can  usually  be  remedied  by  aligning  the  drill  properly.  In  some 
of  the  mines  the  practice  of  squibbing  has  been  entirely  eliminated; 
in  others,  it  is  permitted  only  when  the  hole  is  deep  and  after  every 
e£Fort  has  been  made  to  align  tiie  drill.  In  such  cases  the  abandon- 
ment of  the  hole  might  mean  tbe  loss  in  labor  of  two  men  for  one- 
fourth  to  one-third  of  an  entire  shift.  Aside  from  the  dust  it  causes 
squibbing  is  a  costly  practice.  Eveiy  time  a  squib  shot  is  fired  all 
of  the  shovders,  drilhnen,  helpers,  and  others  in  the  vicinity  have  to 
seek  safety  behind  a  pillar,  thus  curtailing  the  production.  If  to  this 
cost  be  added  the  cost  of  the  explosive  and  fuse  used,  it  becomes  ap> 
parent  that  the  practice  of  squibbing,  eq[>ecially  in  mines  where  much 
used,  may  be  a  considerable  item  of  expense. 

BLASTINO. 

Samples  of  air  taken  after  blasting  show  that  blasting  produces 
even  more  dust  than  does  squibbing.  As  pointed  out  on  a  previous 
page,  dust  from  blasting  becomes  a  menace  only  when  one  shift 
follows  closely  on  the  preceding  one.  Good  ventilation,  or  thorough 
sprinkling,  and  the  regulation  of  shifts  in  accordance  with  the  con- 
dition of  the  working  places,  will  prevent  inconvenience  from  dust 
caused  by  blasting. 
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SHOVEUNa. 

Dust  samples  obtained  where  shoveling  was  in  progress  indicate 
that  little  or  no  dust  is  produced  when  the  dirt  is  wet.  As  much  as 
1.55  milligrams  per  hundred  liters  were  obtained  where  the  dirt  was 
damp;  samples  where  the  dirt  was  dry  contained  1.78  to  4.59  milli- 
grams of  dust.  It  follows  that  dust  produced  by  shoveling  may  be 
largely  abated  by  spraying  the  dirt  pile.  * 

GENERAL  OONDrnONS. 

As  will  be  noted  in  Table  8,  many  samples  were  taken  while  two  or 
more  kinds  of  work  were  being  done.  In  some  oases  an  average  place 
in  the  mine  was  selected  and  samples  taken  at  intervals  throughout 
the  day.  In  mine  '^A"  samples  49  to  54  were  taken  at  15-minute  in- 
tervals 30  feet  from  a  comparatively  wet  face  where  drilling  and 
shoveling  were  in  progress.  Samples  79  to  85  were  taken  at  the  same 
pomt  the  first  day  after  the  installation  of  water  sprajrs.  The  follow- 
ing tabulation  of  results  is  interesting: 

Efeet  ofsproEi/ing  on  qiumiHy  o/iiUoeous  dual  produoed  by  driUing  and  BhoHlmff. 


Wlttaootspnyi. 

SampltNo. 

Mflllgrams 

QtdVBtkk 

100  liters 
of«ir. 

Simple  No. 

MinigraiDS 
of  dost  in 
100  liters 
of  air. 

40 

2.00 
8.48 
8.71 
8.71 
1.71 
3.88 

7» 

1.33 
1.33 
1.11 
1.11 
1.55 
1.83 
.00 

60 

80 

51 

81 

ffi 

83 

63 

83 

M 

84 

Average 

85 

2.90 

Average 

1.24 

Had  this  face  been  dry  to  start  with  the  amoimt  of  dust  would 
have  been  still  more  reduced.  It  was  noted  also  that  three  squib 
shots  were  fired  during  the  sampling  while  sprays  were  in  use,  which 
increased  the  quantity  of  dust  in  the  air. 

Samples  62  to  66  were  taken  from  a  naturally  dry  mine  where 
water  sprays  were  in  use.  This  mine  was  remarkably  free  from 
dust,  the  samples  showing  from  0.6  to  0.8  milligram,  with  the  excep- 
tion of  No.  63,  which  showed  3  milligrams.  In  this  case  the  dust 
was  caused  by  large  bowlders  being  rolled  down  from  a  high  heading. 
This  mine  was  visited  many  times,  but  dust  was  not  noticeable. 

Mine  '^H/'  one  of  the  dryest  and  dustiest  mines  of  the  district, 
was  sampled  before  and  after  water  sprays  were  installed.  Twelve 
samples  taken  when  water  was  not  used  ranged  from  1.10  to  as 
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high  as  22.89  miligrams  of  dust;  this  latter  sample  was  taken  100 
feet  from  the  working  face  after  several  squib  shots.  Samples 
taken  when  sprays  were  used  ranged  from  0.00  to  1.78  milligrams. 
In  this  mine  the  samples  were  not  taken  at  regular  intervals  for  the 
purpose  of  obtaining  an  average,  so  that  it  is  not  possible  to  figure 
the  exact  effect  of  the  use  of  water.  However,  it  would  probably 
be  safe  to  say  that  the  use  of  sprays  in  this  mine  reduced  the  amount 
of  dust  to  one-sixth  or  one-eighth  the  amount  formerly  made. 

Attention  is  directed  to  samples  101  (2.45  milligrams) ;  105  (0.90 
milligram);  121  (1.55  milligrams);  122  (3.11  milligrams);  and  200 
(2  milligrams),  all  of  which  were  taken  in  various  mines  at  points 
200  feet  and  more  from  the  working  face. 

WHAT  OONSTITXJTBS  A  DUSTY  XDIB. 

The  term  ''dusty  working  place"  is  only  relative;  1  to  5  milligrams 
of  dust  per  100  liters  of  air  will  render  a  working  place  dusty;  the 
place  will  be  dusty,  but  of  course  more  so  if  the  air  contains  from 
50  to  100  milligrams  of  dust  per  100  liters.  A  classification  such  as 
slightly  dusty,  dusty,  and  very  dusty  places  may  be  made.  It 
seems  desirable,  however,  to  adopt  a  standard  content  for  the  divid- 
ing line  between  slightly  dusty  and  dusty  working  places.  Evi- 
dently such  a  standard  can  not  properly  be  based  on  the  minimum 
quantity  of  dust  that  wiU  harm  the  miner's  lungs;  it  can  be  said 
only  that  a  small  quantity  of  dust  in  the  mine  air  will  be  less  harmful 
than  a  larger  amount.  Practically  all  air,  both  inside  and  outside 
of  mines,  contains  some  dust.  The  most  reasonable  standard  then 
appears  to  be  one  based  on  the  quantity  of  dust  that  will  remain  in 
suspension  after  the  best  known  methods  have  been  put  into  use 
for  its  abatement. 

It  has  been  demonstrated  m  the  sheet-ground  mines  of  the  Joplin 
district  that  by  the  proper  use  of  water  and  the  regulation  of  certain 
details  of  mining  the  quantity  of  dust  in  the  mine  air  can  be  kept 
below  1  milligram  per  100  liters  of  air;  so  it  seems  reasonable  to  use 
1  milligram  as  a  standard  at  least  for  the  Joplin  district. 

In  this  connection  it  might  be  well  to  discuss  further  a  matter 
that  was  mentioned  in  the  preliminary  report  of  the  work  in  the 
Joplin  district  ^  from  which  the  four  following  paragraphs  are 
quoted: 

The  weight  of  rock  dust  contained  in  mine  air  in  South  AMca,  Australia,  and 
England  »  was  found  in  some  cases  to  be  considerably  higher  than  tiiose  set  forth  In 

Table  6.    (See  Table  7  in  this  report.)    Haldane  ^  states,  as  regards  metal  mines  in 

^ . 

a  Lama,  A.  7.,  and  Higglna,  Edwin,  Pulmonary  disease  among  miners  in  tlia  Joplin  district,  Hissoari, 
a  prellminaxy  report:  Tech.  Paper  106,  Bureau  of  Mines,  1915,  pp.  31-32. 

t  Haldane,  J.  8.,  Martin,  J.  8.,  and  Thomas,  R.  A.,  Report  to  the  Secretary  of  Btote  for  ttaa  Home  Depart- 
ment on  the  health  of  the  Cornish  miners.    1904. 

e  Haldane,  J.  8.,  The  investigation  of  mine  air,  1908,  pp.  121-122. 
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Oorowall,  that  in  tba  air  of  an  "end"  or  "rise,"  with  a  rock  drill  at  work  boring  dry 
holes,  the  air  commonly  contains  5  to  10  milligrams  of  dust  per  10  liten. 

As  painted  out  previously  the  area  of  the  connected  open  ground  (on  the  same 
level)  in  the  mines  of  the  Joplin  district  is  isn  greater  than  in  the  average  metal  mine. 
Obviously  the  amount  of  dust  in  a  given  volume  of  air  would  be  much  greater  in  a 
confined  area,  sudi  as  the  face  of  a  drift,  in  a  raise,  or  in  a  8toi>e  than  in  a  more  open 
space. 

Moreover  in  taking  the  dust  samples  in  the  Joplin  district  the  sampling  bulb  was 
invariably  held  near  the  head  of  the  miner  at  work,  so  that  the  results  obtained  are 
not  comparable  with  sampling  closer  to  the  source  of  the  dust.  Obviously  there 
will  be  more  dust  in  the  air  near  the  source  than  at  points  5  to  10  feet  distant.  It  is 
conceivable  that  laiger  dust  particles  may  be  collected  dose  to  the  source  of  the 
dust  and  that  these  larger  particles  will  greatly  outweigh  the  smaller  particles  that 
would  be  found  in  suspenidon  farther  away. 

The  records  of  the  cotmtries  refeired  to,  in  extreme  cases,  indicated  as  high  as  ten 
times  more  dost  (in  comparatively  confined  places)  Hian  was  foand  in  the  Joplin 
mines.  It  is  doubtless  true  that  there  will  be  more  dust  pioduced  per  volume  of  air 
in  drifts,  raises,  and  stopes  than  is  produced  in  the  Joplin  mines.  The  writer  does 
not  believe,  however,  for  the  reason  stated  (regarding  the  poiut  at  which  the  samples 
were  collected),  that  the  amoimt  would  be  five  or  ten  times  greater. 

Since  the  above  statement  was  written  all  the  samples  included  in 
Table  8  were  taken.  A  small  percentage  of  the  samples  contained 
from  50  to  100  milligrams  of  dust  per  100  liters  of  air,  which  corre- 
sponds to  the  5  to  10  milligrams  per  10  liters  referred  to  by  Haldane. 
A  study  of  this  table  shows  that  samples  taken  close  to  the  source 
of  dust  contain  much  greater  quantities  than  those  taken  farther 
away.  The  most  striking  instance  is  in  the  case  of  samples  45  and  46. 
Sample  45  was  taken  1)  ^^t  from  a  drill  hole  just  being  started  and 
shows  221.71  milligrams  of  dust  per  100  liters  of  air;  sample  46, 
taken  immediately  afterwards,  8  feet  from  the  hole,  shows  2.28  milh- 
grams  of  dust.  It  is  thus  apparent  that  widely  varying  results  may 
be  obtained  in  taking  dust  samples.  It  is  the  belief  of  the  writer  that 
samples  taken  close  to  the  nostrils  of  the  miner,  wherever  he  may  be 
in  performing  his  nduties,  afford  the  closest  approximation  of  condi- 
tions under  which  he  must  work.  Sample  46,  which  was  taken  close 
to  the  nostrils  of  the  drillman,  8  feet  from  the  drill  hole,  shows  that 
this  miner  was  breathing  air  that  contained  2.28  milligrams  of  dust 
per  100  liters;  consequently  it  would  be  misleading  and  erroneous 
to  consider  sample  45  (221.71  milligrams)  as  representative  of  this 
working  place. 

ATTEMPTS  TO  ABATB  SZLICEOUS  DUST  IN  THE  MINES. 

When  C.  M.  Harlan,  W.  W.  Holmes,  and  I.  L.  Burch  entered  on  their 
duties  in  1913  as  deputy  State  mine  inspectors  for  the  Joplin  district 
they  were  instructed  to  do  all  they  could  to  abate  siliceous  dust 
and  to  improve  sanitary  conditions  generally  in  and  about  the  mines 
of  the  district.  Although  the  inspectors  made  every  effort  to  better 
conditions  they  were  only  partly  successful,  as  there  was  no  law 
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under  which  their  recommendations  coald  be  enforced.  A  few 
operators  installed  water  lines  and  adopted  certain  other  precau- 
tionary measures,  but  in  the  main  the  mines  remained  as  dusty  as 
before.  Even  in  mines  where  water  lines  were  installed  it  was  found 
difficult  to  induce  the  miners  to  use  tibe  water  for  spraying.  In  spite 
of  the  difficulties  under  which  they  labored,  the  mine  inspectors 
were  insistent  in  their  efforts  to  abate  the  siliceous  dust.  When  the 
representatives  of  the  Federal  Government  began  their  work  the 
mine  inspectors  were  anxious  to  assist  and  cooperate  in  furthering 
the  work  that  they  had  started. 

COOPERATIVE   WORK  OF  FEDERAL  AND  STATE  OFFICIALS. 

Tbis  cooperative  work  between  the  Federal  Qovemment  and  the 
State  of  Missouri  began  with  the  arrival  at  Joplin,  on  November  7, 
1914,  of  representatives  of  the  Public  Health  Service  and  of  the 
Bureau  of  Mines.  In  the  course  of  the  campaign  for  the  improve- 
ment of  sanitary  conditions  in  and  about  the  mines,  whidi  was 
intensively  prosecuted  for  about  four  months,  the  Government  repre- 
sentatives were  given  the  active  and  earnest  support  of  the  State 
mine  inspectors,  civic  organizations,  mine  ^operators,  and,  toward  the 
last,  the  miners.  The  outstanding  features  of  the  campaign  were 
the  organization  of  the  Southwestern  Missouri  Mine  Safety  and 
Sanitation  Association,  the  preliminary  report  of  the  Government 
representatives,  the  effects  of  publicity  and  educational  work,  passive 
of  laws  relating  to  sanitation  in  and  about  mines,  and  the  final 
vigorous  and  successful  attempts  to  improve  sanitary  conditions. 

SOUTHWESTERN     MISSOURI     MINE     SAFBTT     AND     SANITATION     ASSO- 
CIATION. 

Early  in  the  investigation  it  was  recognized  that  an  organization 
of  operators  would  be  of  great  value  in  furthering  sanitary  work  in 
and  about  the  mines.  At  a  meeting  of  prominent  operators  the 
project  was  discussed  and  the  result  was  the  organization,  during 
the  latter  part  of  November,  1914,  of  the  Southwestern  Missouri 
Mine  Safety  and  Sanitation  Association.  Shortly  thereafter  a  large 
hall  in  Webb  City  was  obtained  by  the  association  as  a  meeting  place, 
where  luncheons  were  served  every  Thursday,  after  which  business 
sessions  were  held.  A  secretary  was  employed  to  look  after  the 
affairs  of  the  association. 

Before  the  end  of  April,  1915,  the  association  had  enrolled  31 
active,  30  associate,  and  17  honorary  members.  The  luncheons  were 
attended  by  from  70  to  90  members  and  guests.  On  various  occa- 
sions the  business  meetings  were  enlivened  by  addresses  on  subjects 
of  interest,  made  by  men  of  prominence. 
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The  aasodation  appointed  a  special  committee  on  sanitation,  the 
members  of  which  gave  much  time  and  thought  to  the  betterment  of 
sanitary  conditions  about  the  mines. 

PBELIMINABY  BEFOBT  OF  THE  FEDERAL  REPRESENT ATIYES. 

On  the  completion  of  the  preliminary  mvestigation,  December  6, 
1914,  a  report  with  recommendationB  was  made  to  the  operators  of 
the  district,  through  the  Southwestern  Missouri  Mine  Safety  and  Sani- 
tation Association.  A  preliminary  report  was  then  prepared  for 
pubhcation  by  the  Bureau  of  Mines  as  Technical  Paper  105,^  ab- 
stracts of  which  were  released  to  yarious  technical  periodicals  and  to 
the  Joplin  newspapers  on  February  12,  1915. 

This  report  contained  the  following  recommendations  ^  with  re- 
gard to  the  abatement  of  rock  dust: 

1.  Provide  a  water  stippiy  for  evory  workiiig  face  by  the  layiag  of  a  separate  water 
line. 

2.  Where  drillfl  are  operated  without  water,  attach  to  the  hose  leading  to  the  face  a 
5  or  6  foot  length  of  pipe  with  a  nozzle  from  one-eighth  to  one-foiurth  inch  in  diameter. 
Make  and  enforce  sudh  regulations  as  will  insure  the  use  of  this  water  spray  for  the 
purpose  of  wetting  drill  holes,  the  face,  and  the  broken  rock  about  the  face.  For  the 
purpose  of  waitfihig  drill  cuttbga  from  drill  holes,  this  hose  may  be  atlaehed  to  the 
long  pipes  now  in  use  for  blowing  out  drill  holes. 

3.  Where  there  is  in  use  some  type  of  drilling  machine  that  provides  for  water 
pasedng  through  the  core  of  the  drill  steel  into  the  drill  holes,  make  and  enforce  regu- 
lations tha^  win  insure  the  spra3dng  of  the  face  and  broken  rock  for  short  periods  at 
such  timee  as  the  driO  may  not  be  in  operation.  For  this  purpose  the  water  hose 
must  be  uncoupled  from  the  drilling  machine;  this  incaQvenience  may  be  overcome, 
however,  by  the  use  of  a  tee  and  a  short  length  of  hose. 

4.  Make  and  strictly  enforce  rules  against  squibbing  and  bowlder  popping  while 
the  shift  is  underground  and  against  the  blowing  of  dry  holes  at  all  times. 

5.  Improve  ventilation  by  the  opening  of  new  shafts  whenever  practicable. 

In  addition  to  the  above  recommendations,  the  following  provi- 
sions^ were  offered  for  consideration  in  the  framing  of  State  laws 
dealing  with  sanitation  in  and  about  the  mines: 

1.  That  all  operators  of  dusty  mines  (the  question  as  to  ^diat  oonslitates  a  dusty 
mine  to  be  left  to  the  Slate  nune  inspector)  be  compelled  to  run  a  water  line,  in  addi- 
tion to  the  air  line,  to  each  wcnrking  face,  and  to  provide  water  for  the  line. 

2.  That  every  miner  be  compelled  to  make  use  of  the  water  so  provided,  for  the 
purpose  of  wetting  down  the  broken  ore,  the  working  faces,  and  the  drill  holes  from 
which  dust  may  be  spread. 

3.  That  the  practice  of  breaking  bowlders  by  means  of  powder  or  d3mamite  be  pro- 
hibited, except  when  the  shift  bas  left  the  mine. 

4.  That  the  bk>wing  of  drill  holes,  without  first  thoroughly  wetting  them  with  water, 
be  prohibited  at  all  times. 

•  Laan,  A.  7*,  and  Htggtns,  Bdwia,  PotanoDftry  <Ummb  among  mliMts  in  Ui*  JopUn  disCrkt,  MissMnf, 
and  its  relation  to  rock  dost  in  the  mines:  Tech.  Paper  105,  Buiean  of  Mines,  1915, 47  pp. 
6  Lanca,  A.  7.,  and  Higgins,  Edwin,  work  qnoted,  p.  33. 
«  LaiBB,  A.  7.,  and  Higgtos,  Edwin,  work  qnoted,  p.  44 
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5.  That  maiuigen  or  apentan  of  mines  be  prcdiibited  from  maintrining  a  commoo 
diinkiDg  device. 

In  addition  to  the  above  Buggeeted  proviaionB  the  writers  are  of  the  belief  that  a 
workmen's  compensation  act  would  go  far  toward  improving  safety  and  sanitary  con- 
ditions in  the  mines  in  the  Joplin  district. 

BESULTS  OF  EDUOATIONAL  WORK  AND  PUBLIOITT. 

Early  in  the  investigation  it  became  apparent  that,  in  order  to 
effect  a  permanent  betterment  of  sanitary  conditions,  it  would  be  nec- 
essary to  obtain  the  cooperation  of  both  the  mine  operators  and  the 
miners;  and  that  such  cooperation  could  be  obtained  if  suffiraent 
pubUcity  were  given  to  the  ill  effects  of  unsanitary  conditions,  espe- 
cially the  prevalence  of  siliceous  dust  in  the  mines.  The  writer,  in 
company  with  Dr.  A.  J.  Lanza,  of  the  PubUc  Health  Service,  attended 
many  meetings  of  mine  operators  and  various  organizations,  and 
talked  on  the  subject  of  mine  sanitation,  and  the  cause,  effect,  and 
abatement  of  siUceous  dust.  The  matter  was  given  much  publicity  in 
daily  newspapers.  Miners  and  their  families,  to  the  number  of  2,700, 
were  addressed  at  three  moving-picture  shows.  At  these  gatherings, 
in  addition  to  films  pertaining  to  sanitation  and  safety,  slides  made 
from  photomicrographs  of  rock  dust  were  shown.  By  means  of  talks 
to  groups  of  from  25  to  50  miners  at  change  honscB,  praetieally  every 
miner  in  the  sheet-ground  district  was  reached. 

At  the  start  few  miners  gave  evidence  of  interest  in  better  sanitarf 
conditions.  However,  as  they  began  to  acquire  a  knowledge  of  && 
ill  effects  of  siliceous  dust  their  attitude  changed,  and  the  miners  as  a 
whole  became  interested  in  the  abatement  of  siUoeous  dust  and  the 
general  improvement  of  conditions  underground  and  on  the  surface. 
There  were  many  instances  of  miners  quitting  their  working  places 
if  they  were  not  suppUed  with  means  of  allaying  the  dust. 

Many  of  the  mine  operators,  without  waiting  for  the  passage  of 
the  laws  requiring  improved  sanitary  conditions,  inaugurated  im- 
provements in  and  about  the  mines,  such  as  the  building  of  new  and 
commodious  change  houses  (see  PL  I,  B),  the  equipment  of  the 
mines  with  separate  water  lines  and  sanitary  drinking  devices,  and  the 
regulation  of  the  practices  of  squibbing  and  the  blowing  of  dry  holes. 

LBOISLATIOir  LOOXINO  TO  DCPBOVBD   8ANITABY  CONDITIONS. 

Shortly  after  the  preliminary  investigation  the  mine  inspectors  and 
the  sanitation  committee  of  the  association  framed  certain  bilk 
looking  to  the  abatement  of  siliceous  dust  and  the  correction  of  other 
evils  in  and  about  the  mines.  Actively  -  supported  by  the  mine 
inspectors  and  others,  these  bilk  were  enacted  mto  law  on  the  last 
day  of  the  Missouri  State  legislative  session,  at  the  end  of  the  third 
week  in  March,  1915. 

These  laws,  which  became  effective  July  1,  1915,  are  submitted 
herewith. 
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MININQ  LAWS  OF  MIS80UBI,  PASSED  BY  THB  FOBTT-EIGHTH  GBNEKAL 

ASSEMBLY,   1914. 

M1NB8  AND  MlNINO:     iKBPBCnON   OF  MiNBS  AND  SaFBTT  OF  MiNBRS — ^PrOYIDINO 

FOB  SPBINKLINa  IN  LbAD  AND  ZiNO  MiNBS. 

Section  1.  Amending  article  t,  chapter  81^  R,  8, 1909,  by  adding  two  new  sections. — 
That  article  2,  chapter  81  of  the  Bevised  Statutes  of  MuBouri  for  the  year  1909  be 
amended  by  adding  two  new  sections  to  be  known  as  ''section  4869a"  (8469a)  and  ''sec- 
tion 4869b  "  (8469b),  providing  for  the  maintenance  of  water  lines  for  sprinkling  pur- 
poses in  all  lead  and  zinc  mines  generating  dust,  prescribing  certain  duties  of  owners 
and  employees  in  operating  such  mines  and  providing  a  punishment  for  violation  of 
the  provisions  thereof,  which  sections  shall  read  as  follows: 

Sec.  8469a.  Water  lines  to  be  maintained  for  sprinkling  in  certain  mines  generating 
dust — duties  of  inspectors ,  etc, — ^The  State  mine  inspectors  for  lead  mines,  zinc  mines, 
and  other  mines,  other  than  coal,  are  hereby  authorized,  empowered,  and  directed 
to  thoroughly  inspect  all  underground  excavations  in  all  such  mines,  as  often  as  the 
inspector  or  either  of  his  deputies  may  deem  proper,  for  the  purpose  of  ascertain- 
ing or  discovering  in  the  air  in  any  such  mine  or  mines  the  presence  of  dust  in 
such  quantities  as  shall  be  injurious  to  the  health  of  employees  engaged  in  working 
in  such  undeiground  excavation;  and  upon  finding  dust  in  the  air  of  any  such  mine  in 
such  quantities  as  shall  tend  to  injure  the  health  of  the  employees  of  such  mine,  such 
inspector  or  deputy  inspector  shall  immediately  notify  the  o^ner,  managing  agent,  or 
operator  of  such  mine,  in  writing,  specifying  the  underground  excavation  00  found  to 
contain  dust  particles  as  aforesaid  in  the  air  thereof,  and  such  owner,  agent,  or  opera- 
tor of  such  mkie  shall  within  15  days  after  receiving  such  written  notice,  provide, 
install,  equip,  and  thereafter  at  all  times  maintain  in  e(uch  mine  an  independent  water 
line,  fully  equipped  and  in  good  serviceable  wcnrklng  order  and  repair,  leading  up  to  the 
face  of  any  and  all  drifts  where  such  dust  is  produced,  or  00  cloee  to  the  face  of  said 
drifts  so  that  by  the  use  of  suitable  hose  extension  or  sprinkling  attachments  to  be  sup- 
plied by  the  owner  or  owners  of  said  mine,  the  mineral  or  earth  in  and  adjoining  the 
face  of  Uie  drift  or  drifts  of  such  mine  can  be  sprinkled  or  wet  by  water  from  said  pipe 
line;  thereupon  and  thereafter  every  person  drilling,  squibbing,  or  blasting  in  said 
mine  shall  keep  the  face,  surface,  and  drill  holes  in  said  drift  or  drifts  wet  or  moist 
by  the  use  of  water  from  said  water  Une  to  such  an  extent  and  in  such  a  way  as  shall 
prevent,  as  far  as  possible,  any  dust  raising  from  the  working  of  any  such  face  or  from 
the  drilling,  "blowing"  or  "shooting"  of  any  hole  or  holes;  and  the  ground  boss  in 
charge  of  the  underground  in  any  such  mine,  so  equipped  with  a  water  line,  shall 
require  all  ground  or  dirt  after  being  shot  or  blasted  to  be  thocoughly  wet  or  sprinkled 
to  such  an  extent  as  shall  prevent,  as  far  as  poflsible,  any  dust  from  arising  therefrom 
while  the  employees  are  at  work  therein. 

Sec.  8469b.  Penalty, — ^Every  owner  or  part  owner  of  any  such  mine  and  every 
employee  of  the  owner  of  any  such  mine,  who  shall  violate  any  of  the  provisions  of 
this  act,  shall  be  deemed  guilty  of  a  misdemeanor  and  upon  conviction  thereof  shall 
be  punished  by  a  fine  of  not  less  than  |5  nor  more  than  $50. 

Approved,  March  23, 1915. 

MiNBS  AND  Mining:  iNSPscrnoN  of  Mines  and  Safety  of  Mines — ^Promotino 
Hbalth  and  Santtaby  GoNDcnoNS  OF  Lbad  and  Zino  Minbbs— Pbovidino 
Dbbssino  Rooms,  etc. 

SscnoN  1.  Amending  Article  II,  chapter  81  ^  R.  S.  1909,  by  adding  a  new  section 
thereto, — ^That  Article  II,  chapter  31  (81),  of  the  Revised  Statutes  of  Missouri  for  the 
year  1909,  be,  and  the  same  is  hereby,  amended  by  adding  a  new  section  thereto, 
to  be  known  as  section  8469b,  providing  dressing  rooms  for  employees  of  all  owners 
and  operators  of  lead  and  zinc  mines,  which  section  shall  read  as  follows: 
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Sbc.  84(Hft>.  jDmfiiv  romnB  to  bt  ftmviM  SquipmaU--hi9peetiom^Penaiiifj—Jt 
shall  be  the  duty  of  every  owner  or  opecator  oi  any  lead  or  nnc  mine  In  the  State 
of  MiflBouri  to  provide  and  maintain  a  room  or  building  of  sofficient  aie  and  dimen- 
fliona  and  properly  equipped,  for  the  uas  of  emplo^eea  of  and  minea^  as  a  dreanng 
room  and  for  the  purpose  of  changiiig,  keeping,  and  Btoring  thetr  dolfaes  and  dinner 
paila.  Said  room  shall  be  equipped  with  lockem  with  lock  and  key,  and  said  em- 
ployees shall  be  permitted  to  store  their  clothing  and  dinner  pails  in  said  lockers. 
Sufficient  washing  conveniences  shall  be  provided  in  said  room  or  building  for  the 
use  of  said  employees,  and  sufficient  benches  or  seats  shall  be  provided  for  the  use 
of  employees  in  said  room  or  building;  and  said  room  or  building  shall  at  all  times 
be  properly  heated  and  shall  be  kept  in  a  clean  and  sanitary  condition.  It  shall 
be  the  duty  of  the  mine  inspector  to  see  that  the  provisions  of  this  section  are  prop- 
erly enforced.  Any  person,  firm,  or  oorporation  operating  a  lead  or  ojxc  mine  in 
this  State  failing  to  comply  with  the  provisions  of  this  section  shall  be  guilty  of  a  mis- 
demeanor and  upon  conviction  thereof  shall  be  fined  in  a  sum  of  not  less  than  $5  or 
more  than  |25. 

Approved,  March  23, 1915. 

MiNBS    AND   MiNINO:    iNSPBCnOlT    OF   MiNBS    AND    SaFBTT    OP   MINBR8 — SaNITABT 

Dbinking  Dbvices  fob  Usb  of  Emplotbbs. 

SBcnoN  1.  Amending  Artide  II,  ehapUr  81^  by  adding  a  mtw  tseftcm  (AsmIo.— That 
Article  II,  chaptw  81,  Revised  Statutes  of  Misouzi,  IQW,  be,  and  the  suae  is 
hereby,  amended  by  adding  one  new  sactioD  thereto^  to  be  known  as  section  8460c, 
which  said  section  shall  read  as  foUows: 

Sbo.  8469c.  Samtarg  drinking  dmen.— Every  owner,  agent,  or  opemtor  of  any  lead 
or  ainc  mine  in  this  State,  employing  10  or  more  men,  shall  provide  sanitary  dzink- 
ing  devices  ixx  the  use  of  their  empfejeea. 

Approved,  March  23, 1915. 

MiNBs  AND  Mining:  Inspbchon  of  Minbs  and  Safbtt  of  Minebs — Inspbciobs 

TO  Glosb  Minbs,  Whbn. 

SBcnoN  1.  InspeOan  to  dote  mines,  when, — ^The  dhief  mine  inspector  and  his 
assistants  shall  have  the  power,  a&d  it  is  hereby  made  thdr  duty,  to  stop  tJie  opera- 
tion of  and  close  any  mine  or  part  thereof,  where  poisonous  dampe  exist,  where  zottoi 
ropes  or  unsafe  cages  are  used,  or  where  a  sale  escape  way  is  not  provided  for  all  em- 
ployees. Any  person  or  persons  violating  the  piovisioiis  of  this  sectioBy  and  any 
member  or  stockhold  (er)  or  officer  of  any  company  or  corxKxratton  who  diall  violate 
the  provisions  of  this  section,  diall  be  deemed  guilty  of  a  miademeattor,  and  on  con- 
viction thereof  be  punished  by  a  fine  of  not  less  than  |25  nor  more  than  9160,  or 
imprisonment  in  the  county  jail  not  less  than  SO  days  nor  more  than  90  days,  or 
by  both  such  fine  and  imprisonment,  for  each  and  every  separate  offense. 

Approved,  Msrch  22,  1915. 

Mines  and  Mining:  iNSPBcnoN  of  Mimbs  and  Safbtt  of  MmBsa— Promotino 
Health  and  SANrrART  GoNDmoNS  of  Coal  Minbbs— Pbovibino  Wabbhousbs 

AND  EqUIPMBNT. 


SacnoN  1.  WaMcutee  and  equipmentSanitary  oomlttiont,  ale.— It  shall  be  the 
duty  of  every  person,  corporation,  or  ccMupany,  and  of  his  or  its  agents,  officen,  rep- 
resentatives, or  person  or  persons  in  charge  of,  owning  and  operating  or  operating  as 
lessees  a  coal  mine  within  the  State  of  Missouii,  wherein  10  or  more  minexa  are  em- 
ployed in  digging  coal  to  provide  within  six  months  after  the  approval  of  this  act  a 
suitable  building  to  be  used  by  said  miners  as  a  washhouse,  of  a  size  not  to  exceed  12 
feet  in  width  and  20  feet  in  length  and  one  story  in  height,  and  to  be  located  within 
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a  reasonable  distance,  not  to  exceed  300  feet,  of  the  shaft  house  of  the  said  mine, 
for  the  accommodation  of  the  miners  who  desire  to  use  the  same;  said  washhouse  to 
be  equipped  -with  a  stove  or  other  heating  apparatus,  and  if  a  stove  be  furnished  that 
the  fuel  to  be  burned  in  the  same  to  be  furnished  by  the  operator  of  said  mine;  said 
washhouse  shall  be  kept  in  a  good  a«nd  sanitary  condition  by  the  miners  who  use  the 
same  for  the  purpose  of  washing  themselves  and  changing  clothing  when  going  to 
and  returning  from  the  mine.  The  room  for  the  negroes  shall  be  separate  from  that  for 
the  white  race,  but  may  be  in  the  same  building.  An  available  supply  of  water  shall 
be  furnished  by  the  operator  and  the  same  shall  be  carried  to  said  washhouse  by  the 
miners;  the  miners  shall  furnish  their  own  towels,  basins,  and  soap,  and  shall  exercise 
control  over  and  be  responsible  for  all  property  by  them  left  therein. 

Sec.  2.  Liability  for  loss  or  destruction  of  property, — ^No  person,  corporation,  or  com- 
pany, its  agents,  officers,  or  representatives,  furnishing  such  a  washhouse  at  his  or 
its  mines  as  required  in  section  1  hereof  shall  be  legally  liable  for  the  loss  or  destruc- 
tion of  any  property  left  at  or  in  said  washhouse. 

Sec.  3.  Penalty, — Any  person,  corporation,  or  company,  its  officers  or  agents,  foil- 
ing, neglecting,  or  refu^ng  to  comply  with  the  provisions  of  section  1  of  this  act  shall 
be  guilty  of  a  misdemeanor,  and  shall  upon  conviction  be  fined  in  any  sum  not  less 
than  $25  nor  more  than  |100.  Each  week  that  such  person,  corporation,  or  comi)any 
fails  and  neglects  to  comply  with  the  provisions  of  said  section  shall  constitute  a 
separate  offense:  Providedy  This  act  shall  not  apply  to  strip-pit  or  steam-shovel 
coal  mining. 

Approved,  March  22,  1915. 

SUHMABY  AKB  CONCLUSIONS. 

The  principal  facts  relating  to  the  prevalence  and  abatement  of 
siliceous  dust  in  the  sheet-ground  mines,  and  the  conclusions  arrived 
at  as  a  result  of  the  investigative  work  done  are  summarized  as 
follows: 

1.  Siliceous  dust  is  produced  in  all  of  the  sheet-ground  mines  in 
varying  quantities,  regardless  of  whether  the  working  places  are 
damp  or  dry.  Even  very  wet  mines  may  be  dusty  if  excessive  squib- 
bing  is  permitted. 

2.  Dust  is  produced  underground  by  drilling,  squibbing,  blowing 
dry  holes,  blasting,  shoveling,  bowlder  popping,  tramming,  and  roof 
and  pillar  trimming.  The  greatest  quantities  of  dust  are  produced 
by  the  blowing  of  dry  holes ;  next  in  importance  are  blastrag,  squib- 
bing, and  bowlder  popping.  The  dust  produced  by  blasting,  how- 
ever, is  not  often  troublesome,  as  it  is  the  usual  practice  to  blast  as 
the  shift  goes  off  duty. 

3.  The  dust  produced  is  densest  at  the  working  faces,  but  permeates 
all  parts  of  the  mines. 

4.  The  dust  is  composed  of  particles  of  cherty  flint  and  contains 
usually  more  than  90  per  cent  siliceous  residue.  There  are  two  dis- 
tinct kinds  of  dust  particles,  one  milky  white  and  the  other  trans- 
parent and  glassy.  The  milky  white  particles  are  generally  thin^ 
sharp  edged,  irregular  fragments,  often  bladelike  or  knifelike  in 
shape.    The  glassy  particles  are  usually  roughly  polyhedral  or  sphe- 
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roidal,  although  some  are  sharp-edged  or  pomted.  The  dust  particles 
are  of  almost  every  possible  shape  and  formi  but  nearly  all  particles 
have  one  or  more  sharp  edges. 

5.  The  particles  of  dust  in  the  mine  air  range  in  size  from  those 
having  dimensions  of  70  to  80  microns  to  those  that  are  invisible 
imder  the  ordinary  microscope.  The  smallest  particle  measurable 
under  the  microscope  was  from  one-fourth  to  one-half  micron.  The 
smallest  particle  visible  was  about  20  millimicrons,  20  thousandths 
of  a  micron.    The  number  of  these  smaller  particles  is  enormous. 

6.  Dust  particles  with  dimensions  of  50  to  70  microns  settle 
within  a  few  minutes.  One  hour  after  the  cessation  of  the  opera- 
tion causing  the  dust,  in  comparatively  still  air,  few  particles  larger 
than  10  microns  remain  in  suspension.  After  three  hours  the  larg- 
est sizes  remaining  in  suspension  have  a  greatest  dimension  of  5 
microns.  After  four  hoxucs  few  particles  as  large  as  5  microns  are 
to  be  found;  a  small  percentage  will  range  from  3  to  4  microns, 
but  the  bulk  of  the  particles  will  be  less  thaii  1  micron. 

7.  Most  of  the  dust  particles  that  reach  the  lungs  ran^  from  2 
to  5  microns,  with  rapidly  increasing  numbers  of  the  smaller  sizes; 
comparatively  few  particles  with  any  dimension  more  than  10  mi- 
crons are  to  be  found.  Larger  dust  particles,  however,  find  lodgment 
in  the  air  passages  leading  to  the  lungs,  even  gritty  particles  being 
intercepted  in  the  nose  and  mouth. 

8.  In  222  samples  of  dusty  air,  the  greatest  quantity  of  dust 
obtain^  was  221.71  miUigrams  per  100  liters  of  air.  A  large  pro- 
portion of  the  samples  show  a  content  in  the  mine  air  less  than  10 
milligrams,  and  the  average  dusty  atmosphere  contained  from  3 
to  5  milligrams  per  100  liters. 

9.  By  proper  precautions,  the  amount  of  dust  in  the  air  may  be 
kept  down  to  1  miUigram  and  less  per  100  hters.  The  requirements 
and  precautions  necessary  to  accomplish  this  end  are  as  follows: 

Improve  ventilation,  where  practicable,  by  installing  fans,  or  by 
properly  locating  new  shafts.    This  is  an  important  consideration. 

In  mines  wet  enough  to  produce  only  thoroughly  damp  dirt, 
prohibit  squibbing  and  blasting  while  the  shift  is  underground. 
In  all  other  mines  the  following  precautions  should  be  observed: 

(a)  At  each  working  face  provide  a  water  supply  of  sufficient 
head  to  throw  a  stream  at  least  20  feet  through  a  nozzle  one-fourth 
inch  in  diameter.  The  best  arrangement  is  a  main  pipe  line  from 
the  surface  or  the  water  column,  the  water  being  carried  from  the 
main  line  to  the  face  by  1-inch  wire-wrapped  rubber  hose. 

(h)  The  water  so  provided  may  be  used  with  any  type  of  water- 
injection  drill.  Provision  can  be  made  also  for  spraying  the  face  and 
broken  rock  by  inserting  a  tee  connection  at  the  machine  and  attach- 
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ing  a  hose  and  nozzle.  The  dirt  pile  should  be  frequently  wetted  in 
order  to  prevent  dust  being  raised  by  shovelers. 

(c)  Where  drills  using  solid  steel  are  employed,  a  pipe  long  enough 
to  reach  the  back  of  the  drill  hole  and  having  a  nozzle  formed  at 
one  end  should  be  coupled  to  the  rubber  hose.  The  spray  thus 
provided  should  be  used  often  enough  during  drilling  to  keep  the 
drill  hole  damp;  it  should  also  be  used  for  spraying  the  working 
place  and  broken  rock  at  sufficiently  short  intervals  to  keep  them 
damp.    The  dirt  pile  must  be  kept  damp. 

id)  Prohibit  the  blowing  of  dry  holes.  When  necessary,  wash 
the  drill  cuttings  from  the  drill  holes  by  means  of  the  spray. 

(c)  Prohibit  blasting  and  squibbing  while  the  shift  is  underground, 
or  just  before  the  time  that  the  shift  goes  to  work. 

(f)  Where  more  than  one  shift  is  worked,  allow  at  least  two  howas 
(preferably  more)  between  blasting  at  the  end  of  a  shift  and  the 
b^inning  of  work  by  another  shift. 

(g)  Prohibit  the  popping  of  bowlders  while  the  shift  is  imderground. 
10.  The  campaign  for  the  abatement  of  siUceous  dust  and  the 

improvement  of  sanitary  conditions  in  and  about  the  mines  was 
markedly  successful.  This  outcome  resulted  from  the  educational 
work  conducted,  the  cooperation  of  the  miners,  operators,  and  those 
carrying  on  the  campaign,  and  the  passage  of  State  laws  regulating 
the  conduct  of  mining.  Similar  laws  in  other  mining  districts  have 
proved  ineffective.  In  the  Joplin  district  the  laws  were  effective 
because  of  the  educational  work,  and  because  of  both  operator  and 
miner  being  penalized  in  case  of  noncompUance. 

NOTES  BEQABDZNG  HEALTH  CONDITIONS  IN  METAL  lONBS  IN 

FOBEIGN  COXTNTBIES. 

As  indicating  the  consensus  of  opinion,  and  to  draw  attention  to 
what  has  been  done  in  other  countries  by  way  of  legislation,  there  is 
included  here  a  set  of  notes  bearing  on  health  conditions  in  mines  in 
the  Transvaal,  western  Australia,  Great  Britain,  and  other  coxmtries. 

BEPOBT  ON  HEALTH  OF  COHNISH  MINEBS. 

In  the  report^  to  the  secretary  of  state  for  the  home  department  on 
the  health  of  Cornish  miners,  the  following  summary  and  recom- 
mendations are  set  forth: 

8UMMAR7. 

1.  The  death  rate  among  minen  living  in  Cornwall,  which  has  always  been  very 
high  in  the  case  of  men  over  about  40,  has  very  greatly  increased  during  the  last  lew 
years  among  men  of  from  25  to  45. 

a  Haldane,  J.  8.,  Uariin,  J.  8.,  and  Thomas,  R.  A.,  Report  to  the  secretary  of  state  for  the  home  depart- 
ment on  the  health  of  Cornish  miners,  1904. 
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2.  The  exceeaive  death  rate  is  shown  by  the  statistics  to  be  due  entirely  to  phthisiB 
and  other  lung  diseases. 

3.  The  recent  increase  in  the  death  rate  is  also  shown  to  be  due  to  the  deaths  of  men 
who  have  worked  rock  drills.  The  great  majority  of  these  deaths  are  attributable  to 
the  effects  of  rock-drill  work  in  the  Transvaal  or  elsewhere  abroad;  but  a  considenLble 
number  are  attributable  to  work  in  Cornwall. 

4.  Nearly  the  whole  of  the  deaths  of  rock-drill  men  were  due  to  "phthisis,"  and  of  the 
cases  examined  at  least  74  per  cent  were  tuberculous. 

5.  The  predisposing  cause  of  the  present  excessive  mortality  among  metalliferous 
miners  from  lung  diseases  is  evidently  the  inhalation  of  stone  dust. 

6.  The  diist  is  produced  in  the  drllliDg  of  dry  holes  by  rock  drills,  in  blasting,  in  han- 
dling the  ore,  and  in  other  ways. 

7.  The  dust  produced  by  rock  drills  can  easily  be  prevented  by  even  a  very  small 
water  ]et.<>  The  dust  from  blasting  in  close  ends  can  be  laid  by  a  powerful  jet  of  water 
and  air;  and  can  in  any  case  be  avoided  by  the  men.  The  inhalation  of  dust  pro- 
duced in  blasting  on  the  stopes  can  also  be  to  a  large  extent  avoided,  while  the  dust 
produced  in  handling  the  ore  can  be  mostly  prevented  by  keeping  the  workings 
damp. 

BBCOMMENDATION8. 

1.  That  the  use  of  percussion  rock  drills  in  hard  stone  without  satisfactory  pre- 
cautions for  preventmg  the  dust  being  inhaled  by  the  men  be  prohibited  in  all  mines. 

2.  That  special  rules  be  established  under  the  metalliferous  mines  regulation  act 
by  the  management  of  every  metalliferous  mine,  subject  to  the  approval  of  the  secre- 
tary of  state,  for  the  carrying  on  of  the  work  in  such  a  manner  as  to  reduce  to  a  minimum 
the  inhalation  of  dust  by  the  various  classes  of  men  employed  in  the  mine. 

3.  That  special  rules  be  also  established  under  the  same  act,  rendering  it  obligatory 
on  the  part  of  owners  of  metalliferous  mines  to  provide  and  maintain  in  a  smtible 
and  cleanly  condition  a  reasonable  number  of  sanitary  receptacles  for  the  use  of  men 
in  case  of  necessity  undeiground,  and  also  on  the  eurtaoe;  and  rendering  it  a  contra- 
vention of  the  act  unnecessarily  to  pollute  any  part  of  a  mine  with  human  feces. 

The  three  main  factors  directly  incidental  to  their  occupation,  which  combine  to 
produce  diseases  among  the  miners  on  the  Witwatersrand  are  dust,  infective  processes, 
particularly  tuberculosis,  and  in  a  lesser  degree  the  fumes  rising  from  the  use  (or  abuse) 
of  explosives. &  This  statement  was  made  by  Dr.  Irvine  in  his  evidence  before  the 
mining  regulations  commission  in  May,  1908,  and  with  that  statement  there  must  be 
universal  agreement. 

Dust. — ^This  constitutes  the  greatest  danger  which  the  undeiground  worker  has  to 
combat.  The  sources  of  dust  are:  (a)  Rock  drilling,  (&)  blasting,  (c)  handling  of  rock. 
It  must  be  acknowledged  that  the  proper  use  of  water  in  conjunction  with  rock  drilling 
effectually  allays  the  dust  generated  during  the  operation.  In  the  face  of  this 
acknowledged  fact,  it  is  astoimding  that  to-day  this  remedy  has  not,  in  many  of  our 
mines,  been  completely  carried  out.  The  proper  use  of  water  impUes:  (1)  An  ade- 
quate supply  of  clean  water,  (2)  efficient  application  of  the  same. 

With  regard  to  this  point,  the  law  already  has  the  power  to  insist  on  its  enforcement 
(mines  and  worker's  regulations,  act  146,  an  amendment  published  in  Government 
Notice  No.  1278  of  1908.) 

a  A  Jet  with  an  orlfloe  one-tw«itletli  ineh  in  diameter  directed  into  tlie  hole  wu  recommended  by  the 
eignera  of  the  report.  It  may  be  pointed  out,  however,  that  this  was  prior  to  the  time  of  drilling  marines 
furnishing  water  through  the  oore  of  the  drill. 

^  Penlerick,  8.,  Ventilation  and  health  conditions  in  the  mines  of  the  Witwatersrand:  Jour.  Chem. 
Met.  and  Min.  Soc.  South  Africa,  vol.  10, 1010,  p.  60. 
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MINING  REGULATIONS  IN   SOUTH  AFBIOA. 

The  following  extract  ^  from  an  article  in  the  Mining  Magazine 
discusses  provisions  of  the  mines  regulation  act  of  1912,  that  relate  to 
rock-<lTist  conditions  in  South  Africa  mines: 

The  new  minefl  regulation  act  embodied  in  act  No.  12  of  1911,  to  consolidate  and 
amend  laws  in  force  in  the  Union  of  South  Africa,  relating  to  the  operations  of  mines, 
works,  and  machinery,  and  to  certificates  of  competence,  came  into  force  on  December 
1, 1911.  The  old  laws  of  the  Provinces  of  Natal,  Cape  Colony,  and  Orange  Free  State 
are  either  wholly  or  partly  repealed. 

The  new  regulations  make  a  water  spray  or  some  other  suitable  method  for  allaying 
and  removing  the  dust  imperative. 

MINING  BEGULATIONS  OF  NEW  ZEALAND. 

The  mining  act  of  1906,  No.  120,  New  Zealand  (sec.  241)  provides 
as  follows: 

In  every  case  where  quartz  or  other  substances  are  crushed  in  a  dry  state,  or 
where  rock  drills  are  used,  there  shall  at  all  times  be  used  in  and  about  the  battery  or 
place  where  such  crushing  or  drilling  is  done  such  appliances  as  in  the  opinion  of  the 
inspector  shall  efifectually  keep  the  air  pure  and  prevent  dust  circiJating  in  the  place 
where  such  operations  are  being  canded  on,  and  for  this  purpose  an  adequate  supply  of 
wat^  shall  be  provided:  Provided^  That  where  either  the  owner  or  workmen's  inspector 
is  dissatisfied  with  the  opinion  of  the  inspector  an  appeal  shall  lie  to  the  warden,  whose 
decision  shall  be  final. 

The  act  of  1910  (No.  780),  entitled  ''An  act  to  amend  the  mining 
act  of  1908,"  provides  (art.  9) : 

It  shall  not  be  lawful  for  the  owner  or  manager  of  any  mine,  or  for  any  person  in 
charge  of  the  mine  to  require  any  person  who  is  employed  in  the  mine,  or  applying 
to  be  employed,  to  be  medically  examined  or  to  produce  a  medical  certificate  that 
he  is  in  a  good  and  soimd  state  of  health. 

•  Editorial,  Mbiiiig  roguJiatiaDS  in  South  Africa:  Mining  ICag.,  Feb.,  1912,  p.  123. 


PHYSIOLOGICAL  BPPBCTS  OP  SILICEOUS  DUST  ON  THE  MINERS 

OP  THE  JOPLIN  DISTRICT. 

By  A.  J.  Lanza. 
INTRODXTCTION. 

A  preliminary  report  dealing  with  the  prevalence  of  pulmonary 
diseases  among  the  zinc  miners  of  the  Joplin  district  has  been 
published  by  the  Bureau  of  Mines  as  Technical  Paper  105.^  In 
February,  1915,  the  investigation  upon  which  the  preliminary  report 
was  based  was  renewed  and  continued  until  the  end  of  the  calendar 
year  1916. 

In  the  preceding  chapter  Mr.  Higgins  has  given  a  description  of  the 
zinc  mines  of  the  Joplin  district,  the  nature  of  the  ground,  the  causes 
of  rock  dust  and  conditions  under  which  it  is  foxmd,  and  other  tech- 
nical data. 

Soon  after  the  investigation  was  renewed,  xmder  a  cooperative 
agreement  between  the  United  States  Public  Health  Service  and  the 
Bureau  of  Mines,  an  office  and  a  laboratory  were  established  in  Webb 
City,  Mo.,  in  which  to  conduct  physical  examinations  of  miners,  to 
make  microscopic  examinations  of  samples  of  sputxun,  and  to  collect 
pertinent  data.  A  visiting  n\u*se  wio  attached  to  the  office,  who,  on 
account  of  long  acquaintanceship  in  the  district  and  wide  familiarity 
with  the  miners'  families,  was  of  great  service  in  the  collection  of 
data  on  housing  and  on  family  histories.  The  office  was  kept  open 
until  the  close  of  the  year  1915. 

The  writer  desires  to  thank  the  miners  of  the  Joplin  district  for 
their  readiness  to  cooperate  in  this  work;  the  mine  operators,  the 
State  mine  inspectors,  and  the  Jasper  County  antituberculosis  society 
for  their  constant  interest  and  many  kind  services;  the  physicians, 
who  encouraged  their  patients  to  come  to  the  office  for  examination, 
and  other  individuals  who,  by  their  constant  moral  support,  furthered 
the  cause  of  the  investigation. 

EDUCATIONAL  WOBK. 

Among  the  reconmiendations  of  means  that  should  be  employed  for 
the  improvement  of  existing  conditions  outlined  in  the  conclusion  of 
the  preliminary  report  was  the  following:  "Through  intensive  educa- 
tional campaigns  in  the  public  schools,  and  among  the  miners  them- 

a  Lanea,  A.  J.,  and  Higgins,  Edwin,  Pulmaiary  disease  among  min«s  In  tha  Joplin  dlstiiei,  ICissoari, 
and  Its  nlatioQ  to  rock  dust  In  tha  mines;  a  preliminary  report:  Tadi.  Paper  106,  Boreaa  d  Mines,  1915, 
48  pp. 
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selves,  disseminate  information  as  to  the  harmful  effects  of  insanitary 
practices  and  conditions,  such  as  crowded  living  quarters,  overwork, 
exposure,  dissipation,  the  breathing  of  air  polluted  by  powder  fumes 
and  siliceous  rock  dust,  and  the  use  of  common  drinking  devices." 

The  first  work  undertaken  by  the  investigators  in  February,  1915, 
^as  educational.  Visits  were  made  to  the  sheet-ground  mines  at  the 
noon  hour,  and  while  the  men  were  eating  their  dinner  in  the  change 
houses  they  were  addressed  by  both  Mr.  Higgins  and  the  author. 
These  short  talks  were  on  the  causes  of  rock  dust,  its  harmful  effects, 
and  how  dust  could  be  avoided,  with  emphasis  upon  the  fact  that, 
regardless  of  any  rules  or  regulations  in  force,  their  salvation  from 
pulmonary  diseases  rested  largely  with  themselves.  The  men  were 
urged  to  come  to  the  office  in  Webb  City  for  physical  examination. 
They  were  encouraged  to  ask  questions,  and  the  extent  to  which  they 
did  this,  together  with  their  strict  attention  everywhere,  evidenced 
their  appreciation. 

By  direct  invitation  and  by  advertisement  word  was  spread  around 
the  district  that  miners  and  their  f amihes  woidd  be  examined  free  of 
charge  at  the  office  and  would  be  advised  as  to  their  physical  condi- 
tion. In  this  manner  there  was  collected  a  considerable  amount  of 
information  as  to  the  physical  condition,  not  only  of  the  men  them- 
.  selves,  but  also  of  their  f amihes.  More  than  this,  however,  there  was 
thus  created  an  opportunity  for  doing  considerable  effective  work 
among  these  people  by  direct  personal  advice  and  instruction.  Every 
man  examined  was  informed  fully  as  to  his  physical  condition.  When 
necessary  he  was  advised  of  the  proper  means  for  caring  for  himself 
and  how  to  prevent  the  spread  of  infection  to  his  family.  He  was 
encouraged  to  return  for  further  examination  or  advice  and  was  urged 
to  bring  his  wife  and  family  for  examination  when  there  was  any 
reason  to  suspect  that  they  might  not  be  in  good  health.  Educational 
literature  was  distributed  freely  at  the  office. 

Addresses  were  made  to  the  high  schools  in  Webb  City  and  Joplin, 
to  the  Joplin  noonday  lunch  club,  and  at  the  weekly  meetings  of  the 
southwest  Missouri  mine  safety  and  sanitation  association;  also  to 
the  civic  league  of  Carterville,  and  similar  organizations.  Addresses, 
illustrated  with  moving  pictures  and  with  lantern  slides,  showing 
magnified  particles  of  rock  dust  obtained  from  air  samples  in  the 
mines,  were  given  at  local  theaters  for  the  benefit  of  miners  and  their 
families.  The  local  press  cooperated  whenever  possible,  and  as  a 
result  of  these  varied  efforts  the  attention  of  the  commimity  was 
thoroughly  aroused  to  the  points  at  issue. 

In  connection  with  the  educational  work,  it  is  necessary  to  call 
attention  to  the  fact  that,  as  a  result  of  the  high  prices  of  zinc  ore  that 
have  prevailed  for  the  past  year,  and  the  greatly  increased  activity 
that  has  resulted  therefrom  in  southwestern  Missouri,  there  has 
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occurred  an  influx  of  miners  from  other  places,  until  at  the  present 
time  (January,  1916)  it  is  probable  that  there  are  almost  twice  as 
many  men  working  in  the  sheet-ground  mines  as  there  were  a  year 
previous.  Many  of  these  men  are  from  coal  mines,  some  are  from 
metal  mines,  and  others  have  never  mined  before.  The  men  new  to 
mining  and  the  coal  miners  are  largely  ignorant  of  the  effects  of 
breathing  hard-rock  dust,  and  if  the  sanitary  reforms  already  accom- 
phshed  are  to  be  maintained  these  newcomers  must  receive  instruc- 
tions similar  to  those  outlined  above.  The  State  mine  inspectors 
make  this  one  of  their  duties,  and  it  is  probable  that  local  sanitary 
organizations  will  be  able  to  assist  in  this  work. 

PBBVALENOB  AND  NATT7BJB  OF  PULMONABY  DISSASB8. 

In  the  preliminary  report  mentioned  above  is  a  table  showing  the 
deaths  from  pulmonary  tuberculosis  in  Jasper  and  other  Missouri 
counties  for  the  years  1911,  1912,  and  1913.  Briefly,  this  table 
shows  that,  in  respect  to  the  disease  mentioned,  Jasper  Couinty  leads 
St.  Francis,  Green  (including  Springfield),  Jackson  (including  Kansas 
City),  and  Buchanan  (including  St.  Joseph)  Counties  and  the  city  of 
St.  Louis,  in  the  number  of  deaths  per  100,000  of  population.  The 
difference  between  Jasper  County  and  St.  Francis  County  is  signifi- 
cant: Each  is  a  metal-mining  county;  each  employs  the  same  class 
of  labor;  and  the  general  conditions  are  about  the  same  in  both,  with 
this  exception — ^hard-rock  dust  is  not  present  in  the  southeastezn 
Missouri  mines. 

A  system  of  death  reports  alone  does  not  give  adequate  information 
as  to  the  status  of  a  chronic  disease  Uke  tuberculosis  in  any  one 
place,  as  the  disease  may  have  been  contracted  elsewhere.  The 
mining  population  in  the  Joplin  district  that  does  not  represent 
residents  of  Missouri  is  recruited  .mostly  from  Kansas  and  from 
northern  Arkansas.  Most  of  the  miners  who  have  previously  fol- 
lowed some  other  occupation  have  been  farmers.  When  the  victims 
of  consumption  are  disabled,  they  are  apt  to  return  home,  eventually 
dying  there,  and  the  cause  of  their  death  is  charged,  so  to  speak, 
against  the  wrong  State  or  county. 

To  gain  a  more  acctu*ate  idea  of  the  amount  of  consumption 
among  the  miners  in  the  Joplin  district,  it  was  decided  to  conduct 
a  physical  examination  of  a  large  number.  It  was  not  possible  to 
go  to  any  mine  or  group  of  mines  and  examine  the  entire  personnel, 
as  facilities  for  examining  men  at  the  mines  were  totally  lacking. 
Consequently,  it  was  necessary  to  fall  back  on  the  plan  of  having 
the  men  come  to  the  Webb  City  office  for  examination. 

During  the  time  this  office  was  open — ^May  15  to  December  31, 
1915 — over  700  miners  were  examined,  a  number  of  them  more  thaa 
once.     In  each  case  an  effort  was  made  to  determine  whether  the 
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tuiner  was  suffering  from  chronic  disease  of  the  lungs,  and  whether 
such  disease  or  disablement  was  due  to  tuberculosis  or  to  miners' 
consmnption  (rock-dust  consumption),  or  both.  Other  abnormali- 
ties of  the  lungs  and  heart  were  also  noted.  Before  the  results  of 
these  examinations  are  discussed  the  effects  of  hard-rock  dust  on 
the  limgs  may  be  briefly  considered. 

NATUBB   OF  MINEBS'    CONSUMPTION. 

The  continuous  inhalation  of  the  exceedingly  minute  particles  of 
sharp  and  insoluble  flint  that  constitute  the  dust  in  the  sheet-ground 
mines  of  the  Joplin  district  produces  a  mechanical  injury  to  the 
lungs,  causing  a  disease  peculiar  to  the  mining  industry,  and  known 
variously  as  miners'  phthisis,  miners'  asthma,  miners'  consumption, 
silicosis,  or,  more  accurately,  pneumoconiosis  due  to  siliceous  rock 
dust.  As  the  term  "  miners'  consumption ' '  has  become  widely  preva- 
lent in  this  coimtry,  and  as  it  is  descriptive  of  the  condition  itself, 
it  wiU  be  retained  throughout  this  report. 

Mechanically  produced,  miners'  consumption  is  neither  contagious 
nor  infectious.  The  lung,  irritated,  inflamed,  and  injured  by  the 
hard-rock  dust,  becomes  fibroid — that  is,  there  is  developed  through- 
out it  a  scarUke  tissue,  which  interferes  with  the  normal  elasticity  of 
the  lung  and  prevents  proper  breathing.  The  disease  may  attack 
one  or  both  limgs,  but  is  usually  evenly  distributed  on  both  sides. 
Miners'  consumption  has  long  been  recognized  in  the  mines  of  the 
Witwatersrand  in  South  Africa,  in  the  Bendigo  district  of  Australia, 
in  Cornwall,  and  elsewhere.  As  this  form  of  consumption  becomes 
established,  there  is  a  gradual  impairment  of  working  ability,  owing 
to  shortness  of  breath,  with  coughing,  loss  of  weight,  and  weakness. 
There  is  also  a  disposition  to  ''catch  cold"  easily,  and  the  cold  is 
apt  to  settle  on  the  chest.  The  intensity  of  miners'  consumption 
varies,  all  grades  of  severity  being  seen,  depending  on  the  nature  of 
the  dust  and  the  length  of  time  spent  underground,  or  other  extent 
of  exposure.  It  may  persist  for  years  and  tends  gradually  to  pro- 
duce total  disability. 

There  is,  however,  a  deeper  menace  than  gradual  disability,  in 
that  the  injured  lung,  together  with  the  lowered  vitality  of  the 
whole  body,  presents  an  ideal  site  for  the  development  of  tubercu- 
losis. When  this  occurs,  not  only  is  the  miner  threatened  with  an 
early  death  or,  at  least,  a  more  hopeless  future ;  but,  having  now  a 
contagious  disease,  he  becomes  a  source  of  danger  to  others — ^his 
fellow  workmen  and  his  family.  A  tuberculous  infection  may  take 
place  at  any  stage  of  miners'  consumption,  and  it  is  the  opinion  of 
the  writer  that  practically  no  cases  die  without  its  being  present. 
At  least  such  was  the  experience  in  southwestern  Missouri.  All 
cases  examined  that  were  obviously  in  a  hopeless  or  dying  condition 
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showed  tuberde  bacilli  in  the  sputum.  In  other  cases,  either  where 
the  men  were  still  working,  or  where  they  were  disabled,  tubercle 
bacilli  were  sometimes  present  and  sometimes  not. 

It  is  a  frequent  occurrence  in  the  Joplin  district,  and  one  noticed  a 
number  of  times  by  the  writer,  for  a  miner  who  for  some  time,  per- 
haps several  years,  has  had  an  increasing  shortness  of  breath  and 
an  increasing  impairment  of  working  ability,  suddenly  to  ''blow  up" 
and  die  after  an  illness  of  a  few  weeks  or  months.  Such  cases  sho^wed 
tubercle  baciUi  in  the  sputum.  A  tuberculous  infection,  spreading 
with  great  rapidity  in  a  favorable  soil,  often  helped  by  overwork 
and  alcohohc  dissipation,  had  nm  an  acute  course  and  brought 
the  case  of  miners'  consumption  to  a  conclusion.  Tuberculous 
infection  would  seem  to  occur  most  often  after  the  mechanical 
disease  is  well  established,  but  it  does  occur  sooner  or  later  in  most 
cases. 

In  this  connection  Summons^  says: 

It  can  safely  be  concluded  that  at  the  present  time  all  Bendigo  minera  dying  of 
their  respiratory  diseases  die  of  tuberculosis. 

The  report  of  the  miners'  phthisis  prevention  committee  of  the 
Union  of  South  Africa  for  1912  states:^ 

In  at  least  the  great  majority  of  cases  tuberculous  infection  becomes  toward  the 
end  superimposed  upon  the  preexisting  sUicosis. 

These  statements  coincide  with  the  experience  of  the  writer  during 
this  investigation. 

The  concomitant  occurrence'  of  tuberculous  infection  become 
doubly  important  as  regards  hygiene  and  health  to  a  community. 
Thus,  when  a  miner  is  finally  imable  to  work,  and  more  or  less  bed- 
fast, and  on  account  of  his  advanced  disease  can  no  longer  gain 
admittance  to  a  sanitarium,  or  has  been  sent  home  from  one  as 
hopeless,  and  when  finally  the  poverty  consequent  on  long  illness 
has  residted  in  forlorn  and  utterly  insanitary  sturoimdings  for  him- 
self and  family,  then  is  the  time  when  his  sputum  is  loaded  with 
tubercle  bacilU,  the  danger  of  which  to  his  wife  and  children  is 
igncH^d  by  all  concerned,  because,  say  they,  "He  has  miners'  con- 
sumption, which  is  not  contagious  like  ^e  old-fashioned  kind/' 
As  regards  the  public  health,  so  far  as  the  prevention  of  tuberculosis 
is  concerned,  both  for  the  benefit  of  the  family  and  of  the  other 
miners  with  dust-injured  lungs,  there  should  exist  no  distinction  as 
to  the  treatment  of  a  case  of  miners'  consumption  and  of  a  case  of 
tuberculosis,  especiaUy  in  regard  to  the  careful  disposal  of  the  sputum 


a  SiimmoDS,  Walter,  lUport  of  an  investlgatioa  at  Bendigo  into  the  prevalenoe,  nature,  oaoses^  and 
preyentlon  of  miners'  phthisis,  1007,  p.  42;  quoted  in  Report  of  Commission  to  Investigate  the  FreTaknoe 
of  Miners'  Phthisis  and  Polmonary  Tuberoulosis  on  mines  within  the  Union  of  Sonth  AiMea,  lOlS,  p.  6^ 

h  Report  of  Commission  to  Investigate  the  Prevalence  of  ICiners'  Phthisis  and  Polmonaiy  Tnheraaiofiis 
on  mines  within  the  Union  of  South  Afdca,  1912,  p.  8. 
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in  and  around  the  home,  as  in  any  given  case  tubercle  bacilli  may 
appear  at  any  time.  From  observation  the  writer  is  inclined  to 
believe  that  certain  cases  may  have  tubercle  bacilli  in  the  sputum 
intermittently — that  is,  the  baciUi  may  be  absent  at  one  time  and 
present  in  quantities  at  another  time.  Hence,  there  is  necessity  for 
care  at  all  times. 

Overwork,  exposure,  alcoholism,  and  poor  living  conditions  are  the 
general  causes  of  tuberculosis  among  working  people  everywhere. 
When  we  add  to  these  the  hazard  of  rock  dust,  with  its  consequent 
injury  to  the  lungs,  we  have  an  explanation  of  why  so  many  metal 
miners  die  of  tuberculosis.  The  conditions  first  named  are  often 
beyond  the  influence  of  any  but  the  individuals  concerned,  but  the 
sanitation  of  their  working  places  and  the  elimination  of  rock  dust 
can  be  controlled  by  mine  operators  through  proper  supervision,  legis- 
lation, and  the  education  of  all  concerned.  Sanitary  management 
of  mines  will  be  an  accomplished  fact  when  both  the  miners  and 
their  employers  realize  that  there  is  just  as  much  connection  between 
poor  sanitation  and  death  through  disease  as  there  is  between  care- 
lessness and  death  through  accident;  only  the  loss  of  life  from  disease 
far  exceeds  that  from  accident. 

BBSTTLTS  OF  PHYSICAL  BXAHINATION  OF  720  lONBBS. 

In  all,  720  miners  were  examined,  and  as  a  result  of  the  examina- 
tions they  were  grouped  as  follows: 

RenUU  ofphyaioal  examimUion  of  720  minen, 

Claaslfioatfon.  Nomber.  Peroant. 

Seemingly  well 1 179       24.8 

Suffering  from  miscellaneous  diseaaee 26         3. 6 

Doubtful  cases 43         5.9 

Suffering  from  tuberculosis,  seemingly  not  connected  with  siliceous  dust 

injury  to  the  lungs 39         6. 3 

Namber.    Per  cent. 

First  stage 2         0.2 

Second  stage 13         1. 8 

Third  stage 24         3.3 

Suffering  from  miners'  consumption 380       45. 7 

First  stage 120       16.6 

Second  stage 142       19.7 

Third  stage 68         9.4 

Suffering  from  miners'  consumption  with  a  tuberculous  in- 
fection  103       14.7 

First  stage T 8         1.1 

Second  stage 22        3.5 

Third  stage 73       10.1 

720 

As  hearing  on  the  value  of  the  figures  given  ahove,  it  should  be 
stated  that  usually  men  who  were  beginning  to  be  seriously  affected 
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by  shortness'of  breath  and  to  be  alarmed  as  to  their  condition  were 
most  apt  to  come  to  the  office,  accounting  for  the  preponderance  of 
men  in  the  first  and  second  stages  of  miners'  consumption.  When 
their  disease  was  further  established  they  often  refused  to  be 
examined,  dreading  to  be  told  that  they  were  in  a  hopeless  condition. 
When,  however,  they  beUeved  their  condition  was  hopeless,  they 
were  inclined  to  come  in,  like  drowning  men  clutching  at  a  straw, 
hoping  that  they  might  get  some  reUef . 

It  wf^  difficult,  often  impossible,  to  get  samples  of  sputum,  for 
although  the  miners  were  anxious  for  physical  examination,  they  did 
not  want  to  be  told  they  had  ''bugs''  in  their  sputum.  They  tlieiii- 
selves  clearly  differentiated  between  what  they  thought  was  miners' 
consumption  and  the  ''old-fashioned  kind,"  and  nearly  always  main- 
tained, even  on  their  deathbeds,  when  their  sputum  was  loaded  with 
tuberde  bacilli,  that  they  did  not  have  "regular  consumption.'' 
They  were  largely  correct,  only  they  failed  to  appreciate  the  dangers 
of  infection  from  the  "irregular"  kind. 

The  table  shows  that  out  of  720,  472  were  suffering  from  pulmonary 
disease;  of  these  404,  or  56  per  cent  of  the  whole,  were  working  at  the 
time  examined  or  up  to  within  six  months  previous.  There  were 
433,  60.4  per  cent,  suffering  from  disease  of  the  lungs  directly  due  to 
rock-dust  exposure;  of  these,  375,  or  62  per  cent  of  the  whole,  were 
working  at  the  time  of  examination,  or  up  to  within  six  months  pre- 
vious. However,  these  figures  do  not  justify  the  statement  that  hatf 
of  the  miners  in  the  sheet-ground  district  had  consumption;  but  in 
view  of  the  chronic  nature  of  miners'  consumption  and  of  tubercu- 
losis, it  is  safe  to  say  that  practicaQy  all  of  these  were  in  a  diseased 
state  during  the  year  1914.  The  total  number  examined  represents 
about  one-fourth  of  all  men  working  in  sheet-ground  mines  up  to  the 
boom  of  1915.  Therefore,  of  aU  the  sheet-ground  miners  at  that  time, 
15  per  cent  had  consumption.  On  a  conservative  estimate,  the  writer 
behoves  that  the  actual  number  of  cases  of  miners'  consumption  was 
at  least  twice  as  great.  At  the  present  time  (January,  1916)  there 
are  probably  twice  as  many  men,  if  not  more,  working  in  the  Joplin 
district  as  formerly;  and  the  extent  of  the  prevalence  of  lung  dis- 
eases now  is  mere  conjecture. 

CASES  OP  TUBERCULOSIS   WITHOUT  ROCK-DUST  INJURY. 

As  regards  the  39  men  who  were  found  to  be  suffering  from  pul- 
monary tuberculosis  and  whose  lungs  showed  no  evidence  of  rock-dust 
injury^  their  histories  indicated  that  several  of  them  were  tuberculous 
before  they  started  mining  work. 

The  two  men  in  the  first  stage  are  still  working.  Of  the  13  men  in 
the  second  stage,  10  were  working  at  the  time  of  examination  and  3 
had  stopped  in  the  previous  two  months.    One  has  since  become 
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disabled.  Of  the  24  men  in  the  third  stage,  6  were  still  working  and 
8  had  quit  at  various  times  within  the  previous  six  months;  5  have 
died  up  to  the  time  of  writing. 

CASES   OF  miners'    CONSUMPTION   ONLY. 

The  table  shows  that  330  miners  manifested  definite  signs  of  injury 
to  the  limgs  from  siliceous  dust,  but  as  far  as  could  be  determined 
were  free  from  tuberculous  infection.  Of  the  120  in  the  first  stage,  107 
were  still  working  undergroimd  and  11  had  quit  in  the  previous  two 
months.  Of  the  remaining  2,  one  had  not  mined  for  a  year,  the  other 
for  four  years.  The  13  who  had  quit  mining  were  aU  doing  some  kind 
of  surface  work.  In  this  group  was  a  former  coal  miner,  who  probably 
had  anthracosis  before  coining  to  the  JopUn  district. 

Of  the  142  men  in  the  second  stage,  123  were  still  working  under- 
ground and  10  had  quit  the  ground  in  the  previous  six:  months. 
The  remaining  9  had  not  mined  for  one  to  six  years  previously. 
One  man  has  since  been  killed,  and  6,  as  far  as  is  known,  have  stopped 
undeiground  work  since  their  examination.  Two  men  had  seem- 
ingly  contracted  their  disease  in  other  mining  districts  before  com- 
ing to  Missouri,  and  another  had  anthracosis  when  he  came.  Among 
those  who  no  longer  mine  there  are  a  teamster,  a  shoemaker,  a  ma- 
chinist, a  farmer,  a  man  who  works  in  the  harvest  fields,  and  another 
who  runs  a  shooting  gallery. 

Of  the  68  men  in  the  third  stage,  19  were  still  working  steadily 
undergroimd  and  5  were  working  intermittently — ^when  they  were 
able;  22  had  stopped  working  within  the  previous  six  months.  Of 
the  remaining  22,  11  had  qidt  in  the  past  year  and  the  other  11  had 
not  worked  for  periods  up  to  seven  years.  Two  have  stopped  work 
since  being  examined  and  4  have  died.  Three  are  now  farming  or 
ranching,  1  works  in  a  shoe  factory,  1  is  a  cobbler,  and  1  is  a  night 
watchman.  On  account  of  their  pronounced  tendency  to  shortness 
of  breath,  there  is  not  much  that  these  men  can  do  when  they  leave 
the  mines,  and  as  a  class  they  are  entirely  unfamiliar  with  sedentary 
occupations. 

CASES   OF  miners'  CONSUMPTION   WITH  A  TUBERCULOUS   INFECTION. 

As  the  table  shows,  there  were  103  men  who,  besides  having  miners' 
consumption,  showed  symptoms  of  tuberculosis  or  had  tubercle 
bacilli  in  their  sputum.  Of  the  8  in  the  first  stage,  7  were  still  work- 
ing undergroimd  and  1  had  laid  off  in  the  previous  month.  Of  the 
22  in  the  second  stage,  19  were  still  working  underground  and  3 
had  laid  off  within  the  previous  two  months. 

Of  the  73  in  the  third  stage,  25  were  still  working  underground,  5 
worked  intermittently,  and  18  had  quit  mining  within  the  previous 
six  months;  12  had  quit  within  the  previous  year,  and  the  remaining 
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13  had  not  worked  underground  for  periods  ranging  to  eight  years; 
4  have  stopped  work  since  being  examined,  and  15  have  died  (as 
far  as  known).  One  is  now  a  paperhanger,  1  a  carpenter,  and  1 
drives  a  wagon. 

DOUBTFUL  CASES. 

The  doubtful  cases  include  men  who  had  symptoms  resembling 
miners'  consumption,  but  on  examination  were  found  also  to  have 
heart  or  circulatory  troubles,  and  concerning  whom,  therefore, 
there  was  a  legitimate  doubt  as  to  the  real  cause  and  nature  of  their 
disability.  Of  the  43  men  in  this  class,  35  were  still  working,  6  had 
worked  until  some  time  in  the  previous  six  months,  and  the  remain- 
ing 2  had  not  mined  for  some  years.  Two  have  died  since  exami- 
nation. 

MINERS   SUFFERING  FROM  MISCELLANEOUS  DISEASES. 

Included  among  the  miners  examined  were  men  who  were  found 
suffering  from  heart,  kidney,  or  other  chronic  organic  disease  not 
involving  the  lungs.  Of  tiie  26  men  in  this  group,  25  were  stiU 
working  and  1  had  stopped  two  months  previously. 

MINERS   SEEMINGLY   WELL. 

There  were  179  men  who  were  seemingly  well,  of  whom  169  were 
still  working  underground  when  examined,  7  had  laid  off  within  the 
previous  six  months,  and  2  in  the  previous  two  years. 

For  convenience,  the  cases  of  consumption  enumerated  above  have 
been  divided  into  three  stages — ^first,  second,  and  third.  In  the 
first  stage  of  miners'  consumption  are  included  those  cases  in  which 
the  sufferers  showed  a  slight  or  moderate  tendency  to  shortness  of 
breath  and  some  diminished  expansion  of  the  chest.  Generally 
there  was  some  pain  in  the  chest,  coughing,  and  expectoration,  but 
no  marked  impairment  of  working  ability.  The  second  stage  in- 
cludes cases  in  which  the  sufferers  showed  moderate  or  moderately 
severe  shortness  of  breath  on  exertion,  diminished  expansion  of  the 
chest,  and  well-defined  impairment  of  working  abihty;  with  or  with- 
out other  symptoms.  Those  sufferers  classed  as  being  in  the  third 
stage  showed  a  severe  shortness  of  breath,  with  more  or  less  total 
disabihty  and  aggravated  symptoms  of  various  kinds. 

GENERAL  REBCARKS   ON   PHYSICAL  EXAMINATIONS. 

Throughout  these  examinations,  the  symptoms  presented  were 
interpreted  in  a  conservative  manner,  and  the  errors  of  diagnosis 
are  in  favor  of  the  group  ''seemingly  well."  It  was  recognized  that 
men  who  had  worked  underground  only  a  short  time  often  exhibited 
some  shortness  of  breath  and  coughing,  with  irritation  of  the  throat 
and  the  bronchial  passages,  owing  to  the  unfamiliar  work  and  the 
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dust  and  powder  smoke.  Effort  was  made  not  to  include  these 
cases  of  acute  irritation  of  the  upper  air  passages  with  those  of  early 
lung  trouble.  Where  there  was  doubt^  the  miner  was  classified  as 
seemingly  well  and  urged  to  return  for  reexamination.  Some  of 
these  cases  did  not  return  and  were  lost  sight  of  and  so  remain  as 
first  recorded.  There  are  not  enough  of  them  to  appreciably  change 
the  percentages. 

The  nature  of  the  work  done  seemingly  has  little  influence  on  the 
inception  of  miners'  consumption.  Underground  the  bulk  of  the 
workers  are  either  shovelers  or  machine  men  and  their  helpers,  and 
all  of  these  are  equally  exposed  to  dust.  Most  of  the  men  examined; 
especially  those  who  had  mined  for  several  years,  had  done  both 
machine  work  and  shoveling.  A  few  cases  of  miners'  consumption 
were  noted  in  millmen  who  had  not  worked  undergroimd,  but  had 
inhaled  the  rock  dust  set  free  by  the  crushers. 

SAKITABY  CONDITIONS  XTNDBBOBOTTND. 
PREVALENCE  OF  SILICEOUS   DUST. 

The  causes  of  siliceous  rock  dust,  its  nature,  and  methods  of  pre- 
vention have  been  set  forth.  During  the  past  year  many  mines  have 
installed  separate  water  lines  to  the  heading,  and  the  recent  laws  pro- 
viding for  the  prevention  and  laying  of  dust  are  being  complied  with 
more  and  more.  The  miners  are  becoming  accustomed  to  using  water, 
and  the  efficiency  of  dust  prevention  is  increasing.  As  a  result  of  the 
educational  campaign  there  is  not  much  objection  to  the  use  of  water 
by  the  men,  and  when  they  do  fail  to  use  it  where  provided  such  fail- 
ure is  rather  through  carelessness  than  intent.  Now  a  man  ''blowing 
a  dry  hole"  is  apt  to  meet  decided  objection  from  those  working  near 
him.  Men  who  do  not  have  to  work  strenuously  sometimes  wear 
respirators,  but  there  are  very  few  who  can  wear  tiiem  comfortably, 
on  account  of  the  impediment  to  breathing  they  cause,  and  at  best 
respirators  seem  to  be  of  little  or  no  value,  owing  to  the  fact  that 
they  do  not  filter  out  the  finer  dust  particles. 

la  a  few  mines  fans  have  been  installed  and  have  aided  greatly  in 
clarifying  the  air.  In  one  mine  a  large  suction  fan  was  placed  on  the 
surface  and  in  another  a  blower  fan  keeps  a  current  of  air  moving 
along  the  headings. 

Where  separate  water  lines  are  established,  the  "diunmy  "  (machine 
helper)  plays  the  water  against  and  into  the  drill  hole  while  the 
machine  man  runs  the  drill.  In  blowing  the  hole,  the  blowpipe  is 
fitted  into  the  water  line  instead  of  the  air  line,  as  formerlyi  and  the 
hole  is  blown  out  from  the  bottom  by  water.  When  not  oUierwise  in 
use,  the  water  is  allowed  to  run  over  the  dirt  pile,  so  that  the  dirt 
(ore)  is  wet  when  shoveled.    This  practice  minimizes  the  likelihood 
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of  injury  from  dust,  both  for  the  shoveler  and  for  the  men  who  work 
on  the  screen  where  the  ore  is  dumped. 

Drills  of  the  type  in  which  water  is  fed  through  hollow  steels  have 
not  come  into  general  use,  but  it  is  probable  that  they  will  gain  in 
favor.  It  should  be  remembered  that  water  drills  will  not  prevent 
dust  where  promiscuous  squibbing  and  bowlder  popping  are  allowed. 
Under  these  circumstances  there  is  bound  to  be  dust  in  the  air, 
regardless  of  the  amount  of  water  under  foot  or  in  pipes.  Squibbing 
and  bowlder  popping  throw  into  the  air  the  finest  of  dust  particles, 
the  ones  that  have  come  to  be  recognized  as  most  dangerous  to 
health.  Thus,  a  false  sense  of  security  caused  by  waterline  equip- 
ment must  be  guarded  against.  As  in  other  matters  of  pubhc  health, 
prevention  is  easier,  cheaper,  and  more  efficient  than  remedial 
measures. 

Altogether,  the  outlook  for  dust  prevention,  as  judged  by  what  has 
already  been  accomplished,  b  very  hopeful.  On  a  conservative  esti- 
mate there  has  been  at  least  a  50  per  cent  improvement,  and  it  is  the 
opinion  of  the  State  mine  inspectors  that  at  ihe  present  rate  of  prog- 
ress dust  in  the  sheet-groimd  mines  will  be  reduced  to  a  minimum 
within  a  couple  of  years  from  the  time  the  present  laws  were  passed. 
There  is  still  too  much  squibbing  and  bowlder  popping,  but  miners 
who  have  always  been  their  own  judges  as  to  the  necessity,  can  not 
be  expected  to  drop  these  practices  in  a  short  time. 

It  would  seem  that  underground  conditions  during  the  night  shift 
are  not  as  good  as  they  are  during  the  day  shift.  There  are  liable  to 
be  more  new  men  on  the  night  shift,  and  their  supervision  is  not  alwaj's 
so  strict  as  during  the  day;  men  on  night  shift  are  more  exposed  to 
dust  caused  by  blasting,  and  although  it  may  not  be  practicable  to 
change  the  time  of  blasting,  more  strenuous  effort  should  be  made  to 
lay  the  dust  thus  caused  where  men  have  to  work  soon  afterwards. 

SUPPLY  OP  DRINKING   WATER. 

Recent  mining  laws  did  away  with  common  drinking  devices. 
Most  of  the  larger  mines  are  piped  with  drinking  water  of  good 
quaUty  and  sanitary  drinking  devices  are  usually  installed.  A 
simple  device  is  to  have  an  upturned  pipe,  with  a  union  on  the  end 
too  big  to  be  placed  in  the  mouth,  and  with  a  drainage  valve  under- 
neath; the  water  comes  out  with  sufficient  force  to  prevent  saUva 
acciunulating  in  the  cup. 

HUMAN   WASTE. 

So  far  little  progress  has  been  made  toward  remedying  the  evil  of 
promiscuous  groimd  pollution  in  the  mines.  A  few  mines  have  in- 
stalled chemical  closets,  but  it  is  too  early  yet  to  comment  on  their 
value.    In  the  larger  mines  a  simple  toilet  system  shoidd  be  in- 
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stalled,  providing  sanitary  privies  nndei^onnd,  with  proper  removal 
and  disposal  of  their  contents.  An  efficient  privy  is  described  in 
Bureau  of  Mines  Technical  Paper  105.^  Empty  powder  bozes  are 
used  as  receptacles,  and  are  removed  daily  and  burned.  There  does 
not  seem  to  be  much  danger  of  hookworm  disease  in  these  mines, 
owing  to  the  comparatively  low  temperature,  which  averages  60^  F., 
and  the  nature  of  the  soil,  flint  and  limestone.  However,  the  present 
habit  of  ground  pollution  is  an  objectionable  nuisance  and  an  offense 
to  decency. 

HETALLIO  POISONINO. 

The  possibility  of  miners  who  work  in  zinc  and  lead  being  poisoned 
by  those  metals  was  kept  in  mind  during  this  investigation.  As 
particles  of  both  these  metals  are  in  suspension  in  the  air  of  the 
mines  in  the  district,  it  might  be  supposed  that  they  would  have  some 
harmful  effect.  However,  there  was  nothing  at  all  observed  to  lead 
in  any  way  to  the  conclusion  that  metaUic  posioning  was  responsible 
for  dkeases  of  miners  in  the  JopUn  district.  Outside  of  a  couple  of 
men  who  had  worked  in  smelters,  no  cases  with  a  history  of  lead 
poisoning  were  seen.  Inquiry  of  operators  and  miners  who  had 
been  in  the  district  for  many  years  failed  to  establish  any  instance 
ot  metallic  poisoning.  The  lead  occurs  as  galena  or  lead  sulphide; 
being  insoluble,  such  particles  as  may  find  their  way  into  the  body 
are  either  eliminated  unchanged,  or,  if  they  lodge  in  the  lung,  remain 
chemically  inert. 

EFFECT  OF  USE  OF  CABBIDE  LAMPS. 

As  carbide  lamps  have  an  offensive  smell,  and  as  they  came  into 
common  use  about  the  time  that  the  prevalence  of  miners'  consump- 
tion attracted  general  attention,  there  has  been  a  somewhat  wide- 
spread feeling  against  these  lamps,  as  being  responsible  for  this 
disease.  This  opinion,  though  erroneous,  is  not  of  importance, 
except  that  it  tends  to  create  a  feeling  that  dust  prevention  is  not 
necessary,  and  on  the  part  of  a  ground  boss,  for  instance,  might 
lead  to  carelessness  in  this  respect.  ^ 

Carbide  gas  is  poisonous,  but  there  is  no  more  reason  for  not  using 
a  carbide  lamp  than  for  not  using  illuminating  gas,  which  is  also 
poisonous,  for  cooking  or  for  lighting  a  house.  When  carbide  lamps 
fail  to  work  properly  underground  and  require  to  be  opened  the 
gas  may  escape,  but  diffusion  rapidly  takes  place,  and  in  the  large 
connected  rooms  of  the  Joplin  mines  the  gas  could  not  possibly  be 
in  sufficient  concentration  to  cause  disease  or  death.  A  carbide 
lamp  does  not  use  proportionately  as  much  oxygen  as  a  candle,  but 

ajjBBMB,  A.  7.,  and  Higglos,  Edwin,  PulDunury  dtoeaaco  ummg  mJnan  in  tbe  JopUn  district,  Ki»- 
Bouri,  and  its  nlation  to  rock  dust  in  tbe  minos;  a  pnliminary  report:  Tech.  Fapar  105,  Bureau  of 
Mines,  1916,  p.  34. 
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a  sliglit  difference  in  this  respect  is  of  little  importance.  MoreoTer, 
carbide  lamps  are  in  use  all  over  the  world,  bnt  have  never  been  said 
to  cause  pulmonary  disease  elsewhere  than  in  mines. 

COMPRESSOB  AIB. 

Compressor  air  is  also  blamed  locally  as  being  a  cause  of  disease 
and  partly  responsible  for  consumption.  There  are  on  record  acci- 
dents that  have  occurred  in  various  places,  owing  to  the  improper  use  of 
oil  in  compressors.  The  oil  became  volatilized,  and  the  volatile  i»rod- 
ucts  were  sent  through  the  air  lines,  causing  illness  and  death  to 
the  men  at  the  other  end.  No  such  accident  has  ever  occurred  in 
the  Joplin  district,  as  far  as  could  be  ascertained.  During  the 
writer's  stay  there  the  men  at  one  mine  became  ill  on  one  occasion, 
soon  after  going  to  work  on  the  day  shift,  with  suspicion  being  cast 
on  the  compressor  air.  Investigation  placed  the  blame  on  powder 
gas  released  by  shoveling  and  stirring  the  dirt  piles  blasted  down  on 
the  previous  night  shift;  samples  of  compressor  air  were  analyzed 
and  the  air  found  to  be  normal.  Various  samples  at  other  places 
showed  the  oxygen  content  to  be  practically  always  normal. 

OVERWORK. 

The  writer  has  discussed  the  subject  of  overwork  among  the 
miners  in  the  Joplin  district  in  Bureau  of  Mines  Technical  Paper 
105^  previously  mentioned.    As  ascertained  by  Mr.  Higgins,  the 
average  ore  production  for  all  sheet-ground  mines  is  22  tons  per 
8-hour  shift  per  shoveler.    There  is  seemingly  no  prospect  of  any 
change  in  the  piecework  system,  as  it  suits  all  concerned.     There  is 
one  undesirable  factor  that  can  be  eliminated,  probably  without  a 
great  deal  of  trouble,  and  that  is  the  20-minute  dinner  period.     The 
State  mining  law,  providing  an  hour  for  the  noonday  meal,  should 
be  enforced.    Overwork  and  consequent  exhaustion  are  the  great 
contributing  caiises  of  tuberculosis  among  working  people,  and  in 
this  case  there  is  no  good  reason  why  the  miners  should  not  have  an 
adequate  rest  in  the  middle  of  their  shift. 

'  CHANGE  HOUSES. 

A  notable  improvement  in  regard  to  change  houses  has  taken 
place  during  the  past  year  (1915).  Formerly  the  change  house,  or, 
as  it  was  more  aptly  termed,  the  "dog  house"  (PI.  XI,  A),  con- 
sisted of  a  frame  shack  with  a  dirt  floor,  containing  a  stove,  a  couple 
•  of  benches,  and  occasionally  a  few  lockers.  There  were  no  facilities 
for  washing,  and  garbage,  refuse,  and  dirty  and  worn-out  clothes 
littered  up  both  the  inside  and  the  outside.  Miners  rarely  changed 
clothes  coming  off  shift,  but  went  home,  regardless  of  the  weather, 
in  their  dirty  and  wet  working  clothes. 

a  Lansa,  A.  J.,  and  Higgins,  Edwin,  work  quoted  pp.  88-40. 
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Now  the  mines  have  erected,  or  are  erecting,  change  houses  with 
concrete  floors  and  concrete  or  galvanized-iron  walls,  with  plenty 
of  windows  and  adequate  rentilation.  (See  PL  XI,  B.)  These 
change  houses  have  shower  baths  with  hot  and  cold  water,  wash 
basins,  and  individual  lockers  for  clothes,  are  ventilated,  and  are 
heated  by  steam  pipes.  Also  most  of  them  have  a  separate  room, 
with  benches  and  tables,  for  eating  (the  men  usually  come  out  of 
the  mine  to  eat). 

The  new  change  houses  have  been  received  with  enthusiasm,  and 
most  of  the  men  use  them  in  the  manner  intended.  A  recent  visit 
to  a  change  house  showed  nearly  every  locker  containing  clean  street 
clothes  as  evidence  that  the  men  changed  when  coming  off  shift. 

HOUSING  CONDrriONS. 

Data  on  housing  conditions  were  collected  in  and  around  Webb 
City  by  a  series  of  house-to-house  visits.  Generally  speaking, 
among  miners  in  Webb  City  home  conditions  were  fair  or  good, 
whereas  among  those  living  in  the  outskirts  of  town,  or  on  mining 
land  between  towns  (PI.  XII,  A),  they  were  bad.  Taken  all  in  all, 
when  the  wages  of  the  miners  in  southwestern  Missouri  are  consid- 
ered, home  conditions  are  far  below  par  as  far  as  sanitation  and 
comfort  are  concerned.  The  situaticm  in  this  respect  is  remarkable, 
because  it  is  so  needlessly  bad.  The  miners  make  S3.50  to  $5  a 
day,  and  even  more  at  times,  and  they  do  not  migrate  to  the  extent 
observed  in  other  mining  communities.  The  chief  obstacles  in  the 
way  of  improvement  are  a  failure  to  appreciate  better  living  condi- 
tions and,  possibly  to  a  lesser  extent,  the  fact  that  many  families 
live  on  mining  land  upon  which  nothing  but  temporary  shacks  can 
be  built.  Typical  one-room,  two-room,  and  three-room  shacks 
are  shown  in  Plates  XIII,  A  and  B,  and  XIV,  A,  and  miners'  homes 
of  the  best  class  are  shown  in  Plate  XIV,  B. 

The  following  tables  were  compiled  from  visits  to  726  homes  and 
35  boarding  houses.  In  the  total  of  761  premises  there  were  2,348 
adults  and  1,464  children,  as  far  as  could  be  learned.  However,  the 
total  number  of  adults  was  considerably  greater,  because  the  number 
of  boarders,  both  in  boarding  houses  and  in  homes,  could  not  be 
accurately  obtained.  The  number  of  rooms  to  the  house  in  651 
premises  was  as  follows: 


Nmnbw  of  Number  of 

rooms.  premises. 

1 6 

2 107 

3 : 183 

4 208 

6 67 

6 61 


Number  of  Number  of 

rooms.  promises. 

7 2 

8 15 

10 4 

12 8 

18 1 

20 1 
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The  houses  with  seven  rooms  and  over  were  boarding  houses, 
being  two-story  frame  structures;  with  the  exertion  of  one  concrete 
and  one  brick  building.  Practically  all  the  homes  were  one-story 
frame  buildings,  and  most  of  the  one,  two,  and  three  room  homes 
were  "shacks." 

The  cleanliness  in  694  premises  was  as  follows: 

Good 217 

Fair 318 

Bad 159 

In  the  premises  rated  as  ''bad"  are  included  most  of  the  two  and 
three  room  shacks  situated  outside  of  town  and  generally  in  the 
most  squaUd  surroundings. 

Data  regarding  the  method  of  heating  in  658  premises  follow: 

Natund-gM  stoves 332 

Coal  stoves 276 

Gas  and  coal 37 

Other  means 12 

Houses  in  town  or  on  the  outskirts  are  supplied  with  natural  gas, 
and  those  situated  more  remotely  have  to  use  coal.  Usually  the 
same  agent  is  used  for  cooking  as  for  heating. 

The  water  supply  of  a  great  number  of  homes  is  rather  unique. 
Water  of  good  quality  is  obtained  from  deep  wells  and  is  peddled 
around  the  district  in  water  wagons  (PI.  XTT,  B)  and  sold  by  the 
barrel  wherever  there  are  no  water  pipes.  Wells  are  scarce^  and  m 
the  majority  of  homes  the  water  baird  suffices  for  cooking  and 
personal  needs.    Data  regarding  water  supply  in  658  promises  follow : 


Water  obtained  from  barrel  supply 443 

City  water  piped  to  house 184 

Wells 31 

The  outhouses  are  wretched,  a  feature  in  which  southwestern  Mis- 
souri resembles  a  great  part  of  the  rural  communities  of  the  United 
States.  In  680  premises  there  were  644  insanitary  privies,  which 
consisted  of  the  simplest  kind  of  a  box  structure  over  a  shallow  pit 
dug  in  the  ground.  There  were  sewer  connections  in  36  premises. 
In  view  of  the  prevalence  of  filthy  privies  all  over  that  part  of  the 
country,  the  scarcity  of  wells  is  fortunate,  and  undoubtedly  the  fact 
that  water  is  peddled  from  a  pure  source  is  the  greatest  factor  in 
preventing  widespread  typhoid  fever  and  other  intestinal  disorders. 

The  method  of  garbage  disposal  in  610  premises  was  as  follows: 

Burned 352 

Thrown  on  the  ground  around  the  house 216 

Placed  in  cans  and  removed 19 

Fed  to  the  chickens  or  other  ftnim^]^ 23 

In  none  of  these  homes  was  there  a  bathtub  or  bathing  facilities 
other  than  could  be  obtained  from  a  pan  of  water  on  the  Mtchen 


A.    TYPE  OF  CHANGE  HOUSE  FORMERLY  COMMON  AND  TERMED 
■'DOG   HOUSE."    DIRT  FLOORS.  NO  LOCKERS,  NO  BATHING  OR 
S  FACILITIES,  DIRTY  INSIDE  AND  OUT. 


B.     CHANGE    HOUSE  OF    NEW   TYPE    IN  COURSE  OF    CONSTRUC- 
TION.     NOTE    CONCRETE     FOUNDATION    AND    PROVISION    FOR 
ADEQUATE    VENTILATION.    CONTAINS   VENTILATED    LOCKERS. 
CONCRETE  FLOOR,  AND  SHOWER  BATHS  WITH   HOT  AND  COLO    ' 
WATER. 


A.    SCENE   NEAR  WEBB  CITY,  MO.    NOTE  TENT   ON   LEFT  Ai 
SHACK    ON    RIGHT.   TYPES  OF    THE    FUMSY   S 

WHICH  SOME  MINERS  Live,  ON  MINING  LAND, 


B.    THE  WATER  WAOON  ON  ITS  ROUNDS. 
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floor.  In  281  premises  there  were  92  cases  of  tuberculosis  and  120 
cases  of  miners'  consumption,  representing  office  cases.  In  the  other 
places  visited  information  of  this  kind  could  not  be  accurately 
obtained. 

It  is  impossible  to  give  any  figures  as  to  ventilation.  Many  houses 
were  kept  tightly  closed  all  the  time,  but  even  then  the  wind  is  likely 
to  blow  through  them.  Men  suffering  from  miners'  consumption 
soon  find  that  they  can  not  sleep  without  an  abundance  of  fresh  air, 
and  in  the  homes  of  these  sufferers  doors  and  windows  are  usually 
left  open  when  the  weather  will  permit. 

There  did  not  seem  to  be  much  evidence  of  pulmonary  tuberculo- 
sis among  women  and  children,  as  a  result  of  the  crowded  conditions  in 
miners'  homes.  It  is  well  known,  however,  that  tuberculosis  is  largely 
a  disease  of  children,  and  that  in  childhood  its  germs  are  lodged  in 
the  body  to  become  awakened  to  activity  in  young  adult  life,  when 
the  stress  of  living  is  greatest.  The  conservation  of  the  children  in 
the  Joplin  district  by  taking  care  of  adult  consumptives  so  that  they 
will  not  become  a  menace  to  their  families  is  on  a  par  with  rock  dust 
prevention — a  matter  of  vital  import.  There  is  a  serious  need,  both 
in  and  out  of  the  public  schools,  of  education  regarding  hygiene. 

GABJB  OF  THE  SICK. 

Recently  Jasper  County  voted  bonds  to  the  amount  of  $100,000 
for  the  erection  of  a  county  sanatorium  for  the  care  of  consumptives. 
Such  an  institution  is  urgently  needed,  for  at  the  present  time  there 
is  no  local  hospital  that  will  take  these  cases.  The  State  sanatorium 
for  tuberculosis  at  Mt.  Vernon  is  an  admirable  Institution,  but  limited 
by  law  to  incipient  or  early  cases,  and  consequently  few  miners  are 
admitted  there,  as  they  seldom  stop  work  while  still  able  to  get 
around.  Not  only  for  their  own  comfort,  but  for  the  protection  of 
their  families  and  of  the  community  at  large,  is  it  necessary  that 
there  should  be  an  institution  where  early  cases  may  leam  proper 
methods  of  living  to  combat  their  disease,  and  where  advanced  cases 
may  have  a  decent  and  clean  place  to  spend  their  final  days. 

There  should  be,  preferably  in  Webb  City,  the  center  of  the  sheet- 
groxmd  district,  a  dispensary  where  miners  could  go  for  physical 
examination  and  advice  as  to  lung  diseases.  There  should  also  be  a 
children's  dispensary,  with  visiting  nurses  attached,  to  observe  the 
children  in  consumptive  families,  and  by  remedying  the  easily  cor- 
rected defects  so  common  in  children,  especially  nose  and  throat 
defects,  and  by  subjecting  these  children  to  physical  examinations, 
to  minimize  the  harmful  effects  of  exposing  to  pulmonary  disease. 
The  writer  desires  to  emphasize  again  that  while  miners'  consumption 
is  not  infectious  nor  contagious,  yet  one  can  never  know  when  a 
tuberculous  infection  may  occur,  and  consequently  in  all  public- 


78         SILICEOUS  DUST  IN  BELATION  TO  PULMONARY  DISEASE. 

health  work  miners'  consumption  should  be  treated  with  the  same 
caution  as  is  pulmonary  tuberculosis. 

It  is  to  be  hoped  that  local  hospital  and  sanitary  oiganizatioDs 
will  be  able,  in  the  near  future,  to  organize  a  dispensary  for  both 
adults  and  children,  with  a  visiting-nurse  service.  At  the  present 
time  the  Jasper  CSounty  antituberculosis  society  and  the  Metropoli- 
tan life  Insurance  Co.  both  maintain  efficient  visiting  nurses,  but 
it  is  probable  that  these  different  lines  of  endeavor,  together  with 
the  cooperation  of  the  miners,  could  be  combined  in  connection  with 
a  dispensary  service  to  the  benefit  of  aU  concerned.^ 

The  desired  tre&tment  of  mineis'  consumption  is  purely  hygienii^ — 
rest,  fresh  air,  and  good  food.  No  medicine  can  restore  those  parts 
of  the  lung  destroyed  or  damaged  by  rock  dust.  As  with  the  great 
bulk  of  our  tuberculosis  sufferers,  it  is  the  financial  inability  to  take 
sufficient  rest  and  to  change  the  occupation  that  is  the  most  foimida^ 
bio  obstacle  to  recovery. 

Early  cases  of  miners'  consumption  recover,  as  a  rule,  on  removal 
from  die  cause,  the  inhalation  of  stone  dust.  Later  cases  may 
recover,  but  once  the  lung  is  seriously  injui-ed,  not  only  is  the  breath- 
ing capacity  permanently  impaired,  but  a  tuberculous  infectiou  is 
almost  inevitable,  and  when  that  takes  place  in  the  already  damaged 
lung  the  prospects  for  recovery  are  dUght. 

The  writer  has  seen  three  or  four  sufferers  from  advanced  miners' 
consumption  who  are  seemingly  recovering,  after  resting  from  all 
work  for  a  number  of  months.  They  all  look  weU  and  feel  well,  and 
two  of  them  now  do  light  work,  although  they  can  not  do  any  hard 
work  because  of  shortness  of  breath;  the  significant  point  is  that 
they  are  improving.  These  cases  are  so  exceptional  that  tiliey 
stand  out  in  a  crowd  of  over  700.  Still  the  fact  remains  that  with  a 
prolonged  rest  sufferers  from  miners'  consumption  may  recover. 

The  question  may  arise  as  to  the  ad  visability  of  sending  patients  in 
the  early  stages  of  miners'  consumption  to  a  tuberculosis  sanitarium 
for  rest.  As  far  as  the  patient  is  concerned,  there  is  no  sound  objec- 
tion to  such  a  proceeding.  Tuberculous  infection  is  often  a  matter  of 
doubt  in  these  cases,  but  the  patients  will  be  in  less  danger  in  a 
properly  regulated  institution,  where  care  is  taken  to  prevent  the 
spread  of  infection,  than  they  would  be  at  lai^. 

SICKmSS  XNSURAKCB. 

Although  sickness  insurance  has  not  been  established  on  a  firm 
basis  in  this  country  as  yet,  the  experience  of  foreign  countries, 
where  this  system  has  been  eminently  successfult  indicates   that 

•  Since  tills  report  was  drafted,  sudi  a  dispensary  for  adnlta  and  children  has  been  opened  and  Isbeii^ 
malnl4iined  In  Webb  dtj  thfoqgh  tbe  ooopenitlni  of  the  Jaqier  Cowaty  antftabaNnloilt  sedsty  of  Um 
■ootbwait  MJMOorl  mJna  tafety  •oA  aaaltatloo  asKMlaUon. 


y  TWO  PEOPLE.    MINER  HAS 


B.  TWO-ROOM  SHACK,  OCCUPIED  BY  TWO  ADULTS  AND  TWO 
CHILDREN.  ONE  OF  ADULTS  MAS  MINERS'  CONSUMPTION. 
NOTE  WATER  BARREL. 


A.  THREE-ROOM  BOARDING  HOUSE;  TWO  ADULTS  AND  THREE 
CHILDREN  IN  FAMILV  AND  SIX  BOARDERS.  ONE  INMATE  HAS 
MINERS'  CONSUMFTIDN  AND  ONE  CHIL 


B.    WINERS'  HOMES  OF  THE  BEST  CLASS. 
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sickness  insurance  must  finally  be  instituted  in  southwestern  Mis- 
souri if  adequate  relief  from  the  burden  <4  lung  diseases  is  ever  to 
be  obtained. 

It  is  not  within  the  scope  of  this  rep<»rt  to  outline  any  scheme  of 
sickness  insurance  with  its  somewhat  complex  details.  It  is  desired 
to  call  the  matter  to  the  attention  of  the  State  department  of  health 
and  charities,  county,  municipal,  and  mine-owners'  organizations, 
and  others  interested,  in  the  hope  that  by  far-sighted  cooperation 
the  establishment  of  such  a  system  may  be  undertaken.  In  the 
event  that  State  assistance  can  not  be  procured,  it  may  be  possible 
to  arrange  among  employers  and  employees  a  b^ieficial  organiza- 
tion of  the  type  that  has  {proved  so  successful  in  some  of  the  big 
uniTiing  and  manufacturing  districts  in  this  country. 

Workmen's  compensation  laws  are  already  definitely  established, 
and  will  probably  be  in  force  in  Missouri  before  very  long.  The 
loss  of  time  and  of  life  from  industrial  sickness  is  far  greater  than 
from  industrial  accidents,  and  is  quite  as  amenable  to  prevention 
and  remedial  legislation.^ 

CONCLUSIONS. 

1.  There  is  much  pulmonary  disease  due  to  rock  dust  among  the 
miners  of  the  Joplin  district,  affecting  probably  as  high  as  30  per 
^ont  of  sheet^round  miners. 

2.  The  amelioration  of  dust-producing  conditions  is  progressing  at  a 
reasonable  rate. 

3.  Living  conditions  are  generally  poor,  and  often  needlessly  bad. 

4.  Although  miners'  consumption  and  tuberculosis  of  the  lungs 
are  entirely  different  diseases,  as  regards  the  public  health  no  dis- 
tinction should  be  made  as  to  precautions  against  spread  of  infection. 

5.  The  prevention  of  the  spread  of  tuberculous  infection,  espe- 
cially to  children  in  the  homes  of  consumptives,  is  of  paramoimt 
importance. 

6.  The  combination  of  hard  work  with  a  short  dinner  period  is 
injurious  and  unnecessary. 

BECOHMENDATIONS. 

Instructions  should  be  given  from  time  to  time,  especially  to  new 
men,  regarding  the  harmfulness  of  rock  dust  and  regarding  methods 
for  its  prevention.  Educational  leaflets  should  be  distributed  by  the 
State  bureau  of  mines,  or  local  sanitary  societies.  ^ 

There  should  be  established  a  dispensary,  or  similar  oi^anization, 
to  afford  the  miners  the  opportunity  for  physical  examinations. 

•  Warren,  B.  S.,  Sickness  Insurance,  Its  relatloo  to  public  health  and  common  weIfiEU«:  Public  Health 
Report,  No.  350,  U.  8.  Public  Health  Service,  January,  191&. 

*  The  State  mine  Inspeotcn  do  u  mudi  edncatlonal  work  at  their  dntlM  pvaait. 
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There  should  also  be  medical  inspection  of  schoob  and  a  yisitiDg- 
nuise  semce,  especially  for  the  diildren  of  consumptive  parents. 

Continued  care  and  vigilance  should  be  maintained  to  abate  squib- 
bing  and  bowlder  popping,  and  especially  should  attention  be  directed 
to  lessening  these  abuses  during  the  night  shift.  J 

An  effort  should  be  made,  through  cooperation  of  all  concerned, 
to  prescribe  a  maximum  daily  tonnage  for  shovelers. 

It  has  been  the  experience  of  other  communities  and  other  coun- 
tries that  workmen's  cx)mpensation  laws  and  sickness  insurance 
offer  practical  and  equitable  relief  from  the  effects  of  various  indus- 
trial conditions  that  are,  in  themselves,  not  entirely  remediable.  It 
is  the  opinion  of  the  writer  that  such  a  system  will  eventually  prevafl 
in  the  Joplin  district,  and  must  prevail  before  present  abuses  wiU  be 
reduced  to  a  satisfactory  minimum. 


HISTORICAL  REVIEW  OF  SILICOSIS. 

By  Gborgb  S.  Riob. 

Silicosis,  sometimes  known  as  miners'  consmnption,  is  a  specific 
occupational  disease.  It  was  seemingly  known  to  the  ancients,  as  is 
clearly  shown  in  a  paper  by  De  Fenton,**  read  before  the  Chemical, 
Metallui^cal  and  Mining  Societies  of  South  Africa,  in  May,  1916. 

Hippocrates,^  in  his  ''Epidemics,"  speaks  of  the  metal  di^er  who 
breathes  with  difficulty,  and  is  of  a  pale,  wan  complexion. 

Pliny  the  Elder,^  in  his  ''Natural  history,"  spei^  of  the  use  of 
respirators  to  avoid  dust  inhalation,  as  follows: 

Those  employed  in  the  works  preparing  vermilion  (?)  cover  their  face  with  loose 
bladder  skins  that  they  may  not  inhale  the  pernicious  powder,  and  yet  may  see 
through  the  skin. 

Loehniss,**  in  a  book  on  mines  and  mine  workers,  published  in 
1690,  says: 

The  dust  and  stones  fall  upon  the  lungs,  so  that  the  men  have  lung  disease,  breathe 
with  difficulty,  and  at  last  take  consumption. 

Diembroek^  found  in  men's  lungs  such  heaps  of  sand  that  in 
running  the  knife  through  the  pubnonary  vesicles  he  thought  he  was 
cutting  some  sandy  body.  This,  by  the  way,  was  the  experience 
of  De  Fenton,  who,  in  the  early  days  of  the  Kand,  chipped  many  a 
razor  blade  while  endeavoring  to  cut  sections  from  dust-congested 
lungs. 

Agricola  (1494  to  1555),  in  his  most  famous  work,  ''Deremetallica,'' 
published  in  1556,  the  year  following  his  death,  gives  a  considerable 
description  of  miners'  diseases  of  the  respiratory  organs  and  their 
causes,  a  splendid  translation  of  which,  by  Hoover  and  Hoover,^ 
appeared  in  1912.  These  diseases,  as  described  by  Agricola,  De 
Fenton  classified  under  two  heads,  as  follows:  (1)  Those  diseases 
which  arise  from  stagnant  air,  or  want  of  ventilation;  and  (2)  those 

•De  Fenton,  7.,  On  some  diaeaaes  of  tbe  respiratory  orsans  incidental  to  miners,  as  portrayed  by  Dr. 
Agrloola,  in  A.  D.  IfiflO:  Joor.  Ctiem.,  Met.,  and  Min.  800.  Sooth  Africa,  May,  1916,  pp.  223-227. 

»  Littrfi,  E .,  Oeixyrea  oon^lMes  d'Hippocrate,  aveo  le  teste  grec  en  regard,  vol.  6, 1840,  p.  147. 

«  Plinlns  Secandus,  C,  Historiae  naturalis,  lib.  33,  see.  11. 

*  Loefaniss,  G.  £.,  Bericht  voo  Bergwercben,  IMO,  p.  M. 

'See  RaoMMutni,  B.,  A  treatise  of  the  diseases  of  tradesmen,  translated  by  Dr.  James,  London,  1705, 
p.  163. 

/Hoo^rer,  H.  C,  and  Hoover,  L.  H.,  Georglas  Agricola,  De  re  metalUca,  London,  1912, 640  pp. 
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which  are  caused  by  the  corrosive  action  of  dust  on  the  lungs  of  the 
miner.  He  finds  four  references  under  the  first  daas,  which  he  trans- 
lates as  follows: 

Because  the  minera  are  liable  to  be  killed,  (a)  sometimeB  by  the  pestUential  air 
which  they  take  in  by  breathing;  (b)  sometimeB  stagnant  air,  remaining  either  in  a 
shaft  or  in  a  tunnel,  produces  a  difficulty  in  breathing.  The  remedy  for  this  evil 
are  the  ventilating  machines. 

(c)  If  a  shaft  be  very  deep,  and  no  tunnel  or  drive  from  another  shaft  reaches  to 
it;  or,  if  a  tunnel  be  of  great  length,  and  no  shaft  connects  with  it,  then  the  air  does 
not  replenish  itself.  In  such  a  case  it  weighs  heavily  upon  the  minera,  and  ^ey 
breathe  with  difficulty.  Sometimes,  indeed,  they  are  suffocated,  and  burning  lights 
are  extinguished.  And  so  one  needs  those  machines  which  both  Greek  and  Latin 
call  '* breathing,"  though  they  give  forth  no  sound:  for  they  enable  the  miners  both 
to  breathe  easily  and  to  complete  the  work  in  hand. 

(d)  Air,  indeed,  remains  stagnant  both  in  tunnels  and  in  shafts.    This  will  occur 
in  a  deep  shaft  if  it  be  by  itself,  i.  e.,  if  no  tunnel  connects  with  it  and  it  is  uncon- 
nected with  any  other  shaft  by  a  drive.    *    *    *    For  this  reason  the  vapora  became 
heavy  and  like  mist,  and  smell  of  moldiness  like  a  vault,  or  some  undeiground  cellar 
which  has  been  entirely  closed  for  many  years.    Wherefore  the  miners  are  unable  to 
continue  work  in  these  places  for  long  (even  though  the  digging  may  abound  in  gold 
and  silver),  or  if  they  do  they  are  unable  to  breathe  freely,  and  sufiler  from  head- 
aches.   This  happens  the  more  often  if  they  work  in  such  places  many  tegetfier  and 
employ  many  lamps,  which  then  supply  them  with  but  a  feeble  light.    For  the 
vapors  which  both  men  and  lamps  give  out  produce  In  their  turn  vapors  wMch  make 
the  previous  atmosphere  fouler  stiU. 

Regarding  the  second  class  of  diseases  De  Fenton  extracts  as 
follows : 

On  the  other  hand,  some  diggings  are  so  dry  that  they  are  entirely  deficifflit  in  water, 
and  this  dryness  produces  even  greater  harm  for  the  workmen;  for  the  dust  which 
is  stirred  up  and  put  in  motion  by  digging,  penetrating  right  into  the  windpipe  and 
lungs,  engenders  a  difficulty  in  breathing  and  the  illness  which  the  Greeks  call 
asthma.  And  if  dust  happens  to  have  corrosive  powers  it  eats  away  the  lungs  and 
engenders  consumption  in  the  body.  Hence,  in  the  mines  of  the  Carpathian  Moun- 
tains one  finds  women  who  have  been  nmrried  to  seven  husbands,  all  of  whom  this 
terrible  disease  has  carried  away  by  a  piematuxe  death. 

The  Hoover  translation  of  this  reference  is  as  foHows: 

The  critics  say,  further,  that  mining  is  a  perilous  occupation  to  punue,  because  the 
miners  are  sometimes  killed  by  the  pestilential  air  which  they  breathe;  aometimea 
their  lungs  rot  away;  sometimes  the  men  perish  by  being  crushed  in  masses  of  rock; 
sometimes,  falling  from  ladders  into  the  shafts,  they  break  their  anus,  legs,  or  necks; 
and  it  is  added  that  there  is  no  compensation  which  should  be  thou^^t  great  enough 
to  equalize  the  extreme  dangers  to  safety  and  life. 

De  Fenton  criticizes  the  Hoover  translation  as  being  too  general, 
whereas  his  own  translation  is  more  literal,  and  he  states,  ^'Agricola's 
phrasing  is  most  pregnant,  and  pithily  and  accurately  conveys  to 
our  mind  the  nature  of  the  disease  intended  to  be  expressed.  Re- 
membering that  the  writer  'Was  a  medical  man  with  some  29  years' 
experience  as  a  mine  doctor,  it  behooves  us  to  pay  the  greatest  atten- 
tion to  the  text." 
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In  trades  other  than  mining  the  danger  of  breathing  certain  kinds 
of  mineral  dusts  has  been  indicated.  O^ver^^  in  '^  Diseases  of  occu- 
pation/' states: 

Afl  far  back  as  the  days  of  Bamaszmi  (1670)  Hie  lung  troubles  ci  liie  potter  had  been 
recosnized  and  described.  With  the  tflnns  ''potten'  rot'^  and  ''potters'  asthma'- 
the  public  are  quite  familiar.  It  is  this  liability  to  lung  dieease  on  the  one  hand 
and  to  lead  poisozung  on  the  other  that  has  placed  pottery  manufacture  high  up  the 
list  of  dangerous  trades. 

In  firing  china  the  articles  are  separated  by  means  of  groimd  flint,  which  is  used 
over  and  over  again.  The  particles  of  flint  are  sharp  and  angular  and  when  breathed 
cause  irritation  and  coughing. 

Stonemasons,  it  has  long  been  known,  are  subject  to  lung  diseases. 
The  French  slate  workers  are  exposed  to  breathing  large  amounts  of 
schistose  dust.    Oliver  ^  says: 

Dr.  Hamaide,  of  Fumay,  who  knows  the  slate  miners  well,  says  that  they  begin  to 
suffer  from  bronchitis  between  the  ages  of  35  and  40  yean,  and  that  once  this  becomes 
fixed  and  is  foUowed  by  structural  alterations  of  the  lungs  and  bronchi,  the  malady 
proves  fotal  in  5  to  10  yeais.  The  mean  duration  of  the  life  of  the  Fumay  slate  miner 
is  48  years.  He  has  seen  men  who  are  the  subjects  of  slate  miners'  phthisis  expectorate 
fragments  of  hard  stony,  material  like  schist,  accompanied  by  profuse  bleeding  from 
the  lungs. 

It  is  thus  seen  that  it  is  not  alone  imdeiground  workers  who  are 
subject  to  the  malady,  and  that  the  disease  is  caused  by  dust  rather 
than  impure  air;  although  the  latter  may  in  some  cases  be  a  factor  in 
intensifying  the  trouble.  Statistics  in  various  countries  show  that 
coal  miners  and  iron-ore  miners  are  not  subject  to  pulmonary 
troubles  more  than  the  average  of  men  in  the  general  occupations. 
In  fact,  the  mortality  among  coal  miners  from  pulmonary  tuberculosis 
and  pneumonia  is  less,  so  that  it  is  thought  that  there  is  some  pro- 
tective influence  exercised  by  coal  dust.  The  fresh  coal  dust  is  sterile, 
and  the  particles  do  not  irritate  the  lungs,  in  spite  of  the  fact  that 
the  lung  tissue  of  workers  may  be  blackened  by  coal  dust.  Penn- 
sylvania anthracite  dust,  however,  although  not  causing  miners'  con- 
sumption, does  appear  to  produce  asthma,  possibly  owing  to  the 
hardness  and  sharp  edges  of  the  particles. 

As  regards  the  relation  of  dust  to  lung  diseases  Oliver  ^  says : 

It  was  left  to  Peacock  to  establish  the  relationship  between  dust  and  lung  diseases 
by  demonstrating  both  chemically  and  microscopically  the  identity  of  the  dust  found 
in  the  lungs  after  death  with  that  of  the  atmosphere  in  which  the  patient  had  worked. 
In  the  various  pneumokonioaes,  or  limg  diseases  caused  by  the  inhalation  of  dust, 
the  lesions  in  the  lungs  are,  practically  q>eaking,  identical,  quite  irrespective  of  the 
nature  of  the  dust  The  lung  substance,  instead  of  remaini ng  soft  and  spongy,  becomes 
converted  into  a  hard,  unyielding  substance,  composed  for  the  greater  part  of  fibrous 
tissue.  Thus  structurally  altered,  the  lungs  are  unable  to  discharge  their  function 
as  ovgans  of  aeration. 

•  Oliver,  Thomaa,  XHaeMes  of  ooeupation,  Londaii,  1906,  p.  807. 
»  OUrsr,  Thomaa,  woik  quoted,  p,  804. 

•  OUvw.  Thoniitf  work  qaoted,  p.  asa 
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That  it  was  the  character  of  the  dust  which  led  to  excessive  pul- 
monary diseases  among  metal  miners  was  early  recognized  in  Great 
Britain.  The  statistics  of  the  deaths  from  lung  diseases  and  oth^ 
causes  in  1849-53  show  that  although  the  coal  'miners  of  Stafford- 
shire.  South  Wales,  and  Durham  had  a  lower  annual  death  rate  than 
the  average  of  all  the  males  of  England  and  Wales,  the  average  death 
rate  of  the  Cornish  miners  mining  tin  and  copper,  after  the  miners 
had  reached  the  age  of  35,  was  much  higher  than  that  of  the  average 
occupied  male.  Between  the  ages  of  36  and  45,  the  number  of  deaths 
per  1,000  was  8.5  for  miners  and  5.3  for  all  occupied  males;  between 
the  ages  of  45  and  55  the  respective  rates  were  24.3  and  6.8;  and 
between  55  and  65  were  44.5  and  9.6. 

In  1901  Drs.  Robertshaw  and  Le^i  investigated  the  cause  of 
excessive  death  rate  from  dust  inhalation  among  ganister  miners. 
A  royal  commission  was  appointed  in  1902  consisting  of  Dr.  J.  S. 
Haldane,  J.  S.  Martin,  and  R.  A.  Thomas,  to  make  an  inquiry  into 
the  health  of  Cornish  miners.  Its  report '  showed  the  prevalence  of 
Itmg  disease  among  these  miners  as  indicated  above. 

From  an  official  standpoint  the  matter  then  rested  in  Great  Britain 
tmtil  1914  when  a  report  was  made  by  the  Royal  Commiaakia  on 
Metalliferous  Mines.     This  report  deals  with  miners'  phthisis. 

This  commission  quotes  the  results  of  experiments  by  Prof.  Beattie 
at  Sheffield  University  on  the  relative  importance  of  certain  naaoral 
dust  as  a  possible  cause  of  fibrosis  of  the  hmgs.  He  found  that  tbe 
dust  of  some  minerals,  such  as  coal,  clay,  and  cement,  were  not  shown 
by  experiment  to  be  in jxirious,  but  other  dusts,  such  as  silica,  quartz, 
flint,  sandstone,  carborundum,  and  emery  were,  and  that  fine  crys- 
talline silica  was  especially  injurious.  The  commission  agreed  with 
these  findings,  but  in  the  course  of  its  report  stated  that  the  cause  of 
miners'  phthisis  was  the  inhalation  of  dust  of  crystalline  silica  upon 
which  is  superimposed  tubercular  infection,  and  that  fibrosis  is  not 
necessarily  dangerous  to  life. 

SIUGOSIS  IN  SOXTTH  AFBIGAK  QOLD  WIIBS. 

The  enormous  development  of  gold  mining  on  the  Rand  was  accom- 
panied by  great  mortality  among  the  natives  as  well  as  the  Europeans 
who  worked  in  the  mines.  The  vein  rock  is  a  conglomerate  of  the 
hardest  kind,  difficult  to  drill  and  still  more  difficult  to  blast.  Unless 
extraordinary  precautions  are  taken,  enormous  amoimts  of  dry  dust 
are  produced,  and  if  the  air  is  kept  agitated  the  atmosphere  is  charged 
with  fine  siliceous  dust.  The  matter  became  so  serious  that  it  was 
brought  to  public  attention  shortly  after  the  close  of  the  Boer  war. 

o  Haldane,  J.  S.,  Martin,  J.  S.,  and  Thomaa,  R.  A.,  Report  to  the  aeontaiy  of  state  for  tbe  home  deiMCt- 
ment  on  the  health  of  ConUah  mineiBi  190«. 
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As  Oliver**  states,  "a  few  years  previously  young  miners  in  the  bloom 
of  health  had  left  their  northern  homes  for  South  African  gold  fields, 
and  after  working  there  for  four  to  six  years  returned  to  Northum- 
berland and  elsewhere  broken  in  health." 

In  consequence,  in  1902  the  British  Government  appointed  a  com- 
mission to  inquire  into  and  report  on  the  subject  of  phthisis  in  the 
mines  of  the  Transvaal  and  to  make  recommendations  as  to  pre- 
ventive and  curative  measures.    The  report  was  published  in  1903. 

In  the  Band  mines,  the  great  depth  and  consequent  high  tempera- 
tures, with  chilling  of  the  body  when  men  were  raised  to  the  surface, 
according  to  Oliver,  were  responsible  for  bronchial  catarrh  and  bron- 
chitis, which  intensified  the  condition  produced  by  inhalation  of  dust. 
It  was  noted  on  the  Band  that  miners'  phthisis  started  without  pre- 
vious outward  symptoms,  but  once  the  disease  gained  a  hold  con-' 
ditions  might  cause  marked  physical  symptoms,  one  of  the  first  being 
shortness  of  breath.  The  victim  does  not  feel  ill  until  the  disease 
is  far  advanced,  unlike  tuberculosis  and  phthisis.  Oliver^  further 
comments: 

Low  of  flesh  and  strength  is  so  gradual  that  the  miner  continues  to  follow  his  calling, 
for  the  cough  is  slight  and  there  is  little  or  no  expectoration.  By  degrees  a  sense  of 
weakness  impresses  itself  upon  the  patient,  but  it  is  the  shortness  of  breath  thai 
obliges  him  to  give  up  work.  When  the  disease  is  fully  established,  it  is  observed,  in 
addition  to  the  dullness  in  the  chest  on  percussion,  that  the  breath  sounds  are  coazsa 
and  tubiiitt,  but  in  the  absence  of  accompanying  bronchial  catarrh  moist  rSLles  are 
not  usually  heard.  There  is  often  pain  in  the  chest,  owing  to  the  presence  of  a  limited 
pleurisy  over  the  patch  of  fibrotic  lung,  which  explains  the  adhesions  that  are  foimd 
after  death  binding  the  lungs  to  the  chest  wall  internally.  There  is,  as  a  rule,  neither 
the  rise  of  temperature  nor  the  evening  sweating  which  are  present  in  tuberculosis 
phthisis,  and  ''blood  spitting"  is  an  extremely  rare  event.  So  markedly  absent  is 
expectoration  in  uncomplicated  cases  that  it  is  difficult  to  obtain  sputum  for  bacterio- 
logical examination.  In  the  early  part  of  the  illness,  and  sometimes  throughout  the 
whole  of  it,  as  in  some  of  my  own  patients,  the  expectoration  is  free  from  tubercle 
bacilli.  In  other  instances,  toward  the  end  of  life  tubercle  bacilli  are  found  in  the 
sputimi.  This  circumstance,  the  physical  signs  and  symptoms,  as  well  as  the  course 
of  the  disease,  point  to  Rand  miners'  phthisis  as  being  in  the  first  instance  a  purely 
local  affection  of  the  lungs,  the  result  of  irritation  by  dust,  and  without  tul^rcle. 
When  the  disease  has  become  tuberculous,  it  is  in  consequence  of  superadded  infection. 

The  report  of  the  first  commission  (1902-3)  showed  that  the  disease 
was  common  among  ix)ck-drill  men,  and  the  conclusion  was  that 
dust  inhalation  was  the  cause  of  the  disease.  Some  of  the  commis- 
sion's important  findings  are  given  in  the  following  extracts: 

Miners'  phthisis  is  not  peculiar  to  machine  miners,  for  although  it  is  most  typically 
and  ccHnmonly  seen  in  them,  it  frequently  develops  also  in  course  of  time  amongst 
miners  who  have  never  used  rock  drills  at  all.  Most  cases  of  this  sort,  however,  have 
been  mining  for  long  periods,  e.g.,  over  30  years,  and  it  may  be  taken  that  the  ordinary 
miner  has  a  considerable  advantage  in  length  of  life  over  'Qie  rock-drill  miner. 

I ■■ -  ■  I  IWM       ^^M   IM^M  I    .W^J  II  -  -  ■     -  -  -  , 

«  OUvtf,  Thomas,  work  qooted,  p.  879. 
b  Same,  p.  281. 
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The  diwBO  undoubtedly  fdb  moet  hesvily  on  rock-drill  nuDete.  Out  of  the 
living  rock-drill  minen  whoM  cans  we  have  investigatBd,  the  nuij<xity  of  tfaoee  who 
have  been  wwking  rock  drills  for  over  5  yean  weie  found  to  be  suffering  more  or  lees 
from  chest  symptoms;  the  average  time  that  those  who  were  admittedly  eo  affected 
had  been  employed  on  rock-drill  work  was  6om  7  to  9  years  (ranging  from  6  to  15)  out  of 
a  mining  life  of  18  years.-   They  died  at  the  average  age  of  35. 

It  is  true  that  men  may  be  found  who  have  worked  lor  10  years  or  more  with 
rock  drills  and  whose  health  is  not  perceptibly  impaired;  on  the  other  hand  others 
have  become  affected  under  the  avenge  time.  Probably  in  this  respect  a  great  deal 
depends  on  the  class  and  type  of  mining  engaged  in,  and  its  locality.  Wet  mines  have 
a  much  better  reputation  tiian  dry  mines.  The  quaitzite  of  the  gold-bearing  beds  of 
the  Witwatervand  is  admittedly  very  hard;  and  the  mines  are  practically  all  "dry." 
There  is  also  no  doubt  Ihat  persons  who  inherit  dbest  weakness  are  more  liable  to  be 
attacked  by  disease  of  this  nature;  but  while  this  fact  may  eacplain  some  individual 
variations,  it  does  not  explain  the  enormous  incidence  of  chest  disease  on  minera  as  a 
class.  The  same  observation  nuiy  be  made  with  regard  to  personal  habits  of  intem- 
perance and  mode  of  living. 

All  the  statistical  evidence  goes  to  show  that  developing,  i.  e.,  "nosing"  and 
"driving, "  is  more  dangerous  to  health  than  working  in  stopes.  The  moat  stiildi^ 
case  in  point  which  the  statistics  furnish  is  that  of  two  brothers,  who  worked  rock  drills 
for  four  years  only,  doing  nothing  but  "ndsiog"  all  the  time,  and  who  died  thereafter 
of  chest  disease  at  the  age  of  28  and  29,  respectively. 


MEKOJsTB  OF  CLmGAL  aZAMXXATIOV. 


Clinical  investigation  and  examination  riiow  that  the  disease  is  an  extremely  in- 
sidious one,  of  very  gradual  development,  having  in  its  earlier  stage  little  or  no  obvious 
effect  on  the  general  health,  so  that  by  the  time  the  working  efficiency  of  the  nuoer 
becomes  seriously  impaired  the  disease  is,  as  a  rule,  already  well  advanced. 

The  usual  symptoms  in  a  typical  case  are  in  the  earlier  stages  recurrent  and  obsti- 
nate bronchial  "colds"  which  may  attract  little  attention,  for  tiie  patient  being  to 
a  long  time  quite  able  to  work  is  apt  to  regard  his  earlier  symptoms  as  of  little  moment. 
Gradually  as  the  disease  progresses  shortness  of  breath  on  ekertion,  coo^,  and  spit,  a 
more  frequent  liability  to  contract  colds  and  a  greater  difficulty  in  throwing  them  off, 
and  sometimes  flitting  pleuratic  pains,  are  the  symptoms  idiich  usually  first  attract 
serious  notice. 

Gradual  loss  of  weight  and  strength  and  more  mgent  breathlesBnesB,  which  may  be 
of  an  asthmatic  type,  follow,  as  an  increasing  area  of  breathing  space  becomes  disabled. 
Expectoration  may  or  nuiy  not  be  a  prominent  symptom;  hemoptysis  is  exceptional 
and  when  present  is  usually  slight;  night  sweats  are  not  as  a  rule  noticeable,  and  pyrexia 
may  be  altogether  absent  throu^out.  Three  of  tiie  characteristic  signs  of  tubeicuJar 
phthisis  are  tiius  frequently  absent. 

Finally  toward  the  end  liie  patient  rapidly  loses  ground  in  all  directions. 

The  most  striking  feature  brought  out  by  the  physical  examination  in  a  typical  case 
is  the  diminished  expansion  of  the  chest,  which  in  many  cases  is  very  striking,  and  is 
accompanied  by  rigidity  of  the  chest  wall,  so  that  breathing  becomes  mainly  abdom- 
inal. Percussion  and  auscultation  often  give  very  indefinite  results  owing  to  the  dif- 
fuse nature  of  the  disease.  The  disease  is  bilateral,  but  one  lung  is  frequently  affected 
to  a  greater  degree  than  the  other. 

It  is  not  common  to  find  the  typical  physical  signs  of  tubercular  phthisis  present, 
and  this  observation,  together  with  the  confirmatory  &K:t  that  out  of  a  series  of  over 
30  sputa  from  cases  of  disease  of  the  lung  of  miners  examined  by  amemberof  your  com- 
mittee only  2  or  3  were  found  to  contain  tubercle  bacilli,  leads  us  to  conclude  that, 
while  in  some  cases  a  true  tubercular  phthisis  may  coexist  or  nuiy  be  superadded,  the 
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conjiiiiction  kaidyfleeninaniinirityof  caBes.o  «  *  *  The  disease  is  primarily  a 
local  one,  and  is  at  first  confined  to  the  respiratory  oigans;  secondary  disorders  of 
the  heart,  liver,  stomach,  and  kidneys  are  late  accompaniments.  The  heart  is  not  as 
a  rule  dilated,  hut  the  pulse  rate  may  be  accelerated. 

In  the  more  chronic  forms,  seen  perhaps  more  typically  in  the  miners  of  many 
years'  standing,  who  as  a  rule  are  not  rock-drill  workers,  chronic  bronchitic  and  asth- 
matic symptoms  are  peihaps  more  prominent,  and  in  them  dilatation  of  the  heart 
and  accelerated  pulse  rate  aie  more  common. 

We  may  therefore  perhaps  usefully  distinguish  from  a  clinical  standpoint  three 
types  of  '^ miners'  phthisis." 

(1)  The  pure  fibioid  nontubercular  type,  the  commonest  and  most  characteristic 
fonn  of  the  disease. 

(2)  The  mixed  fibioid  and  tubercular  type,  ^ero  the  two  processes  coexist. 

(3)  The  very  chronic  type  seen  in  miners  of  many  years'  standing,  where  the  fibroid 
change  in  the  lungs,  although  more  chronic  is  less  extreme,  and  where  secondary 
changes  in  the  heart  and  kidneys  are  more  pnxninent. 

In  speaking  of  the  Transvaal  inyestigation,  Oliver^  says: 

In  mining  it  is  not  the  coane  particles  but  the  fine,  impalpable  dust  which  is  the 
source  of  danger,  and  which,  in  consequence  of  the  arduous  nature  of  the  work  in  an 
overheated  atmosphere,  is  drawn  by  the  miner  into  the  recesses  of  his  lungs  owing  to 
deeper  breaths  he  is  obliged  to  take. 

The  amount  of  dust  raised  varies  from  0.083  to  0.185  grain  per  cubic  foot  of  air,  so 
that  a  miner  breathing  his  average  21  cubic  feet  of  air  per  hour  would  run  the  risk  of 
inhaling  alxrat  2.38  grains  of  fine  dust  per  hour;  hence  the  large  quantity  of  silica  found 
on  chemical  analysis  of  the  lungs  of  gold  miners  after  death,  amountiitg  frequently  to 
24.4  per  cent  of  the  total  weight  of  the  organs.  Of  1,377  rock-drill  miners  employed  in 
the  Witwatersrand  mines  prior  to  the  South  African  campaign,  225,  or  16.34  per  cent, 
died  during  the  2\  years  immediately  preceding  the  war. 

This  commission  of  1902-3  seemed  inclined  to  the  view  that  gase- 
ous impurities  in  the  mine  air  predispose  miners  to  miners'  phthisis; 
the  impurities  arise  from  fumes  of  explosives.  Its  report  disclosed 
a  most  serious  situation  regarding  the  presence  of  phthisis. 

In  1907  another  Band  commission  was  appointed  to  report  on  the 
working  of  the  mines,  work,  and  machinery  r^ulations.  This  com- 
mission also  gave  much  attention  to  miners'  phthisis.  Its  report, 
published  in  1910,  sets,  for  the  first  time  in  South  Africa,  a  definite 
standard  of  metal  mine  ventilation,  based  on  a  maximum  allowable 
percentage  of  impurity  as  determined  by  chemical  analysis  of 
samples. 

In  1911  a  commission  was  appointed  by  the  Union  of  South  Africa, 
known  as  ''The  Miners'  Phthisis  Commission,"  to  inquire  into: 
(a)  The  extent  to  which  miners'  phthisis  adid  pulmonary  tuberculosis 
are  prevalent  among  persons  employed  in  certain  mines;  (&)  the 
degree  to  which  and  the  stage  at  which  any  person  employed  in 
such  mines  becomes  incapacited  by  miners'  phthisis  and  pulmonary 
tuberculosis  from  performing  work;  (c)  the  number  of  men  who  may 

o  In  more  recent  reports  the  South  African  commission  has  changed  its  views  on  this  question, 
ft  Oliver,  Thomas,  Diseases  of  oocopatioa,  London,  1907,  p.  282. 


88  SILICEOUS  DUST  IN  BELATION  TO  PULMONABY  DISEASE. 

be  expected  to  become  incapacitated  annually;  (d)  the  probable  life 
of  a  sufferer  after  having  become  so  incapacitated;  (e)  the  provisions 
for  compensation  or  insurance  against  phthisis. 

The  findings  of  this  commission,  published  in  1912,  covered  an 
examination  of  3,181  miners,  of  whom  1,009  were  afflicted  with 
phthisis. 

Another  commission,  the  Miners'  Phthisis  Prevention  Committee, 
was  appointed  in  1912  by  the  Union  of  South  Africa,  ''to  inquire 
into  by  experimental  or  other  investigations  and  to  report  from  time 
to  time  upon  the  improvement  of  methods  for  the  prevention  of 
miners'  phthisis  in  the  Witwatersrahd  Gold  Mine,  and  to  advise  upon 
the  introduction  of  a 'systematic  and  uniform  policy  and  the  amend- 
ments to  the  mining  regulations  whidi  may  be  necessary  for  com- 
bating the  disease." 

This  commission  issued  a  preliminary  report  in  1912,  an  mterim 
report  in  1913,  a  special  report  dealing  with  the  percenti^  of  in- 
jurious particles  in  mine  dust  and  on  the  counting  of  the  parttdfis  of 
dust  in  air,  in  1915,  and  a  general  report  in  1916. 

One  of  the  first  matters  taken  up  was  sampling  air  for  dast  con- 
tents,  and  the  commission  continued  this  work  three  and  aii«4ia!f 
years,  taking  a  total  of  2,809  such  samples  in  the  mines  and  on  the 
surface.  Samples  were  weighed  and  when  it  was  considered  desirable 
the  number  of  particles  was  estimated.  Wet  and  dry  bulb  readings 
were  taken  in  conjunction  with  the  sampling,  and  100  sanoples  of 
mine  air  were  taken  to  determine  percentages  of  deleterious  gases 
present. 

The  Medical  Commission  in  a  report  issued  in  1912,^  gave  the  follow- 
ing definition  of  the  disease: 

(1)  Miners'  phthisis  is  a  chronic  disease  of  the  lungs,  characterized  by  progresaive 
fibroid  changes  in  the  liing  tissue  and  pleura,  and  accompanied  by  chronic  catanfaal 
processes  in  the  air  cells  and  respiratory  passages.  The  disease  is  thus  primarily  a 
fibrosis  of  the  limg,  and  the  essential  factor  in  producing  this  condition  is  the  more 
or  less  continuous  inhalation  over  long  periods  of  fine  rock  dust.  AM  true  caaee  of 
miners'  phthisis  are  thus  primarily  cases  of  silicosis;  silicosia  is  the  feature  commoa  to 
them  all. 

(2)  In  the  latter  states  tuberculosis  becomes  commonly  or  invariably  superimposed 
upon  this  condition,  and  the  type  of  the  disease  becomes  that  of  a  tuberculous  infection 
in  a  fibroid  lung. 

The  report  suggests  that  repeated  exposure  to  the  fumes  of  explo- 
sives in  small  quantities  is  a  subsidiary  factor  in  developing  the 
disease.  The  definition  states  the  important  fact  that  ordinarily 
miners'  phthisis  does  not  run  its  course  and  tenninate  in  death  as  the 
result  of  a  single  pathological  process,  but  begins  with  silicosis  and 
ends  in  an  infective  process. 

a  Report  of  a  Commission  on  llJzMrs'  Phthisis  and  Pulmonary  Tuberculosis,  Pretoria,  1912,  p.  la 
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• 

A  great  majority  of  the  cases  in  the  early  stage  of  the  disease  are 
those  of  silicosis  uncomplicated  by  tuberculosis,  and  if  the  sufferer 
leaves  underground  work  he  may  remain  free  from  tuberculosis.  On 
the  other  hand;  if  underground  work  is  continued  tuberculosis  will 
nearly  always  follow.  The  following  description  of  the  structure  of 
the  lungs  is  important  for  the  layman  to  remember  in  studying  the 
effects  of  the  disease.* 

In  order  to  reach  the  lungs  the  air  which  we  breathe  has  to  pa«  through  the  ''air 
passages."  First,  it  is  conducted  through  the  mouth  or  nose,  the  back  of  the  throat, 
and  the  larynx,  to  the  windpipe.  The  windpipe  finally  divides  just  above  the  heart 
into  two  large  tubes,  the  right  and  left  bronchi,  which  conduct  the  air  respectively 
into  the  right  and  left  lung.  Each  main  "bronchus  "  Immediately  gives  off  branches, 
and  these  again  smaUer  and  still  smaller  branches,  by  which  means  the  air  is  conducted 
to  every  part  of  the  lung.  Corresponding  to  this  tree-like  branching  of  the  air  tubes  is 
the  similar  branching  system  of  the  arteries,  which  convey  throughout  the  lung  the 
blood  which  comes  to  it  to  be  purified  In  breathing,  and  of  the  veins,  which  carry 
back  to  the  heart  the  purified  blood.  These  three  branching  systems,  bronchi,  arter- 
ies, and  veins,  run  together  throughout  the  lung. 

Each  minute  tubular  end  branch  or  twig  of  the  bronchial  tree  (called  a  "bronchiole  ") 
ends  by  dividing  Into  several  very  small  passages,  round  each  of  which  is  disposed  a 
cluster  of  "air  vesicles  "  or  "alveoli. ' '  Each  "air  vesicle  "  is  a  roughly  hemispherical 
tiny  sac,  the  inner  side  of  which  is  open  to  the  air-containing  passage  in  which  the 
minute  bronchus  ends.  Its  outer  side  is  covered  by  a  close  network  of  capillary  blood- 
vessels. The  wall  of  the  "air  vesicle  "  is  extremely  thin,  in  order  to  permit  the  inter- 
change of  gases  between  the  blood  and  the  air  which  goes  on  in  breathing.  The  gases 
must  pass  through  the  thin  walls  of  the  air  vesicle  to  reach  the  blood,  and  vice  versa. 
Similarly,  in  order  to  penetrate  into  the  lung,  fine  dust  or  pigmented  matter  must  first 
pass  through  the  fine  walls  of  these  little  sacs. 

The  group  of  clusters  of  air  vesicles,  into  which  any  one  of  the  terminal  ramifica- 
tions of  the  bronchial  tree  leads,  is  called  a  "lobule/'  and  there  are  in  either  lung  thou- 
sands of  such  lobules,  separated  off  from  each  other  by  fine  partitions,  derived  from  the 
supporting  fibrous  framework  which  runs  throughout  the  lung. 

The  sur&ce  of  each  lung  is  covered  by  a  smooth  membrane,  called  the  "pleura"  or 
"plemal  membrane,''  and  this  membrane  is  continuous  at  the  "root "  of  the  lung  with 
a  similar  membrane  lining  the  inner  surface  of  the  chest  wall.  Between  the  pleural 
membrane  which  covers  the  lung  and  that  which  lines  the  chest  wall,  a  thin  layer  of 
fluid  is  normally  interposed,  an  arrangement  which  facilitates  the  free  movement  of 
the  lungs  in  breathing.  When  pleurisy  (or  inflammation  of  the  pleural  membranes) 
occurs,  the  two  layers  may  become  adherent,  and  the  movement  of  the  Ixmg  is  then 
correspondingly  hampered. 

The  air  passages  throughout  are  lined  by  a  membrane  which  is  kept  moist  by  the 
secretion  of  *^ mucus  "  from  its  surface.  This  moist  membrane  tends  to  arrest  dust  or 
infective  particles  entering  with  the  inspired  air. 

The  interior  of  the  nose  also  is  so  constructed  that  the  organ  under  ordinary  circiun- 
stanceb  acts  as  an  efficient  dust  arrester. 

Fiuiiher,  the  lining  membrane  of  the  lower  air  passages,  namely,  the  windpipe, 
bronchi,  and  bronchial  tubes,  down  to  the  very  smallest  of  these,  is  pro\dded  with  a 
multitude  of  excessively  minute  whiplike  processes,  called  *  *  dlia . ' '  The ' '  cilia  "  are 
always  in  motion  and  maintain  an  outward  movement  of  the  muciis  or  "phlegm  "  away 
from  the  smallest  tubes,  and  towards  the  windpipe  and  larynx.    When  the  mucus 

a  OeiMral  Report  of  the  Miziers'  Phthisis  Prevention  Committee,  Pretoria,  1916,  pp.  10-12. 
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reaches  the  latter,  its  presence  irritates  the  very  sensitiye  sur&ce  of  the  larynx  and 
induces  a  cough,  by  which  the  phlegm  is  expelled  into  the  mouth. 

These  details  are  important,  because  the  air  passages  fumiah,  in  the  manner  de- 
scribed, a  protective  mechanism  against  the  entry  of  foreign  particles,  such  as  dust, 
into  the  air  vesicles. 

Very  much  of  any  dust  which  is  inhaled  is  entangled  on  the  moisit  surfaces  of  the 
nose  and  throat,  and  if  it  is  not  present  in  overwhelming  amounts,  the  pontioa  of  it 
which  reaches  the  ''bronchial  tubes"  is  gradually  worked  upwards  again  in  the 
phlegm  and  expectomted. 

But  when  dust  is  continually  inhaled  in  large  quantities,  this  protective  mechanism, 
adequate  as  it  is  under  ordinary  conditions,  fiiils  to  completely  fulfill  its  functioo. 
Many,  especially  of  the  finer  particles,  jnss  the  protective  bamers  and  gain  aocesB  to 
the  air  vesicles. 

The  presence  of  initant  mineral  particles  in  the  bronchial  tubes  sets  up  a  ppocess  of 
inflammation  or  ''catarrh,''  which,  by  damaging  the  lining  membrane,  impairs  tlie 
protective  action  of  the  "dlia,"  reduces  the  efficiency  of  the  whole  protective  mech- 
anism, and  accelerates  its  breakdown.  Similar  catarrhal  changes  take  place  in  the  air 
vesicles  also,  when  dust  gains  entry  to  them. 

It  is  most  important,  therefore,  for  those  employed  underground  to  keep  the  pro- 
tective mechanism,  with  which  nature  has  provided  them,  in  a  state  oi  effidoicy.  Ex- 
ercise in  the  open  air  after  working  hours  is  to  be  strongly  encouraged .  Whether  soch 
exercise  is  taken  or  not,  the  systematic  practice  of  simple  breathing  movements,  wbkh 
anyone  can  readily  learn,  will  also  help  greatly  to  maintain  the  normal  power  of  cbesC 
expansion,  stimulate  the  circulation  in  the  lungs,  and  promote  the  healthy  activity 
of  the  whole  breathing  mechanism.  Dust  will  thus  be  got  rid  of  which  othennse 
would  have  remained  behind  to  do  further  damage. 

A  regular  annual  holiday  away  from  the  inimical  influences  of  underground  work 
is  also  a  very  important  preventive  measure. 

When  dust  is  inhaled  day  by  day  in  large  quantity  the  protective  mechanJam  pro- 
vided by  the  air  passages  proves,  as  has  been  said,  inadequate.  Many  of  the  very 
fine  particles  of  the  inhaled  dust  are  carried,  not  only  to  the  bronichal  tubes,  but  to 
the  air  vesicles  or  alveoli,  in  both  of  which  situations  they  set  up  catarrhal  changes. 
This  element  of  "catarrh  "  is  one  factor  in  miners'  phthisis,  and  may  from  time  to  time 
be  rendered  acute  by  recurring ' '  colds ' '  of  infective  origin.  Ex])osure  to  ev^i  minute 
quantities  of  nitrous  fumes  will  also,  when  it  occurs,  provoke  and  maintain  catarrh, 
and  thus  further  weaken  the  resisting  power  of  the  lung  against  attack  by  dust.  The 
catarrhal  change  in  the  alveoli  is  characterized  by  multiplication  and  shedding  of  the 
cells  which  line  the  walls  of  these  tiny  sacs.    These  cells  readily  take  up  dust. 

The  next  step  is  that,  ultimately,  in  many  parts  of  the  lung,  a  proportbn  of  the  very 
fine  silicious  particles  gains  entrance  through  the  walls  of  the  air  vesiclee  to  the  aer- 
rounding  connective  tissue  of  the  framework  of  the  lung,  chiefly  through  the  agency 
of  the  shed  alveolar  cells,  which  act  as  carriers.  Once  in  this  situation  the  duait  parti- 
cles are  carried  along  the  lymphatic  channels,  and  some  lodge  at  vari.ous  poonts  in  the 
course  of  the  latter.  At  these  points  their  irritant  properties  produce  a  slow  reactive 
inflammatory  change,  characterized  by  the  production  of  new  fibrous  tiaaoe.  This 
new  fibrous  formation  is  at  first  found  around  the  smallest  ramificationfi  of  the  air 
tubes  and  blood  vessels  of  the  lung,  principally  in  a  finely  nodular  form,  but  it  also 
leads  to  thickening  of  the  fibrous  framework  of  the  organ  and  frequently  of  the  pleural 
membrane  which  invests  the  lung.  The  air  vesicles  in  the  neighborhood  of  the  arew 
of  fibrous  formation,  and  sometimes  more  generally,  are  observed  to  be  in  a  state  of 
"catarrh." 

The  new  fibrous  tissue  appears  first  in  small  discrete  areas.  These  gradually  become 
more  numerous  throughout  the  lung  and  at  the  same  time  increase  in  size  and  extent 
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at  each  point  affected,  so  that  they  ultimately  tend  to  coalesce  with  similar  neighbor- 
ing areas. 

In  time  this  fibroid  change  leads  to  a  considerable  amount  of  obliteration  of  the  fine 
air  tubes  and  blood  vessels  (or  portions  of  them)  and  of  air  vesicles  throughout  the 
lung.  The  result  of  this  is  to  reduce  the  reserve  of  air  capacity,  available  in  breathing, 
which  exists  in  the  normal  lung.  The  thickening  which  takes  place  in  the  fibrous 
framework,  and  very  frequently  in  the  pleural  membrane,  aggravates  this  condition 
and  impairs  the  capacity  of  the  organ  to  expand  during  breathing.  The  silicotic  proc- 
ess may,  in  time,  lead  to  the  formation  of  more  or  less  extensive  areas  of  dense  fibroid 
consolidation,  which  render  the  portions  of  the  lung  so  affected  practically  airless. 
The  cardinal  symptom  of  silicosis,  shortness  of  breath  on  exertion,  thus  becomes  read- 
ily intelligible.  First,  there  is  an  increasing  effort  in  breathing  deeply;  later  on  there 
is  actual  incapacity  to  do  so. 

A  lung  in  a  condition  of  silicosis  is,  as  has  been  said,  liable  to  intercurrent  ineffec- 
tive invasions  throughout  its  course.  Thus,  attacks  of  bronchial  or  pulmonary  catarrh 
or  localized  pleurisy  are  not  uncommon,  and  are  a  factor  of  aggravation  in  the  disease. 
Pneumonia  may  also  occur  as  a  complication  at  any  stage  and  may  cause  death.  If 
recovery  takes  place,  this  disease  is  characteristically  slow  to  clear  up  in  a  silicotic 
lung. 

But  the  most  serious  invasion  to  which  such  a  lung  is  liable  is  tuberculosis.  When 
tuberculosis  invades  a  silicotic  lung,  destructive  and  oblitarative  changes  become 
much  more  marked.  More  or  less  extensive  areas  of  consolidation,  which  is  frequently 
of  a  very  dense  fibroid  character,  result.  The  extensive  areas  of  dense  fibroid  consoli- 
dation which  are  characteristic  of  cases  of  advanced  miners'  phthisis  appear,  indeed, 
most  commonly  to  arise  in  this  way,  and  to  have  a  mixed  silicotic  and  infective  origin. 
In  addition  to  the  changes  in  the  lung,  the  ordinary  constitutional  effects  of  the  infec- 
tion become  apparent.  The  disease  alters  its  type,  and  the  characteristic  symptoms 
of  a  simple  silicosis  are  aggravated  by,  and  to  a  large  extent  merged  in,  those  of  an 
acute  or  chronic  pulmonary  tuberculosis. 

The  Medical  Cominission  stated  that,  as  a  result  of  the  examination 
of  3,136  nndei^ound  workers,  26  per  cent  of  the  general  body  of 
miners  at  work  were  found  to  show  definite  signs  of  silicosis,  while  a 
further  5.5  per  cent  were  classed  as  probable  but  not  definite  cases. 
The  disease  especially  affected  the  rock-drill  miners,  and  successively 
in  the  order  of  risk,  trammers,  hammennen,  and  timbermen,  but  no 
group  of  undergroimd  workers  were  found  to  be  free  from  serious 
risk  of  attack.  Even  the  supervisory  staff  was  not  exempt.  The 
Medical  Commission  advocated  a  strict  system  of  selection  of  recruits 
for  underground  work.  A  man  best  suited  for  imderground  work 
was  ''one  of  good,  soimd  physique  and  with  a  good  reserve  of  respi- 
ratory capacity.''  They  considered  that  it  was  not  wise  to  accept  a 
man  over  46  years  of  age,  because  of  a  tendency  to  increasing  reduc- 
tion of  the  expansile  power  in  the  chest  walls  and  a  proneness  to 
bronchitis  and  emphysema. 

All  having  sign  of  tuberculosis  taint  should  be  rigidly  excluded. 

The  risk  of  conveyance  of  tuberculosis  from  infected  to  healthy 
persons  underground,  the  commission  considered,  is  by  no  means 
negligible.    Out  of  205  specimens  of  sputum  collected  underground 
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15.2  per  cent  contained  the  tubercle  bacillus.  Infection  is  more 
likely  to  arise  from  contamination  of  hands  and  subsequent  ingeBtion. 
AH  water  for  sprays,  as  well  as  drinking;  should  be  pure.  rRiere 
should  be  disinfection  of  ladder  and  traveUng  ways,  abo  of  change 
houses  and  living  rooms. 

Dr.  McCrae  found  that  dust  from  lungs  of  deceased  nainers  con- 
sisted  principally  of  extremely  minute  particles,  none  larger  than  12 
microns  in  diameter,  and  the  majority  lees  than  1  or  2  microiis.^ 

In  a  miner's  lungs  containing  20  grams  of  silica  the  total  number  of 
particles,  if  they  averaged  2  microns  in  diameter,  would  be  six  million 
million. 

CharacUr  of  dust  found  in  mine»  on  the  Rani. 


OoostttMnts. 


SiUca(aiOi) 

Alumina  (AliOt) ■ 

Iron  (Fe) 

Basic  oxides  (CaO,  ICgO,  FeO«) . 
SolphurCS) 


Oileiittl 
on. 


87.4 
9.8 


Dnst 
from 


S2.5 


1.75  4.5 

TneesL  J  1.2 

1.1  W 


«  Sulphur  dn^n  off  In  heating  dust 

The  mining  operations  which  result  in  dust  being  formed  and  pro- 
jected into  air  were  divided  by  the  conmiission  into  four  da^es: 
Blasting,  drilling,  transport,  breaking  and  crushing  rock. 

The  first  two  are  the  important  causes  underground.  Hie  ^ect 
of  blasting  was  tested  at  one  time  by  systematic  sampling  of  the  main 
return  air  near  the  exhaust  fan.  The  velocity  of  the  air  was  1,500 
feet  per  minute. 

RwuUs  of  sampling  air  for  dust. 

Dust  in  each 


Time  of  sampling.  Mf. 

9  a.  m.  to  2.40  p.  m 3. 5 

2.40  p.  m.  to  8.15  p.  m 1.0 

Blasting  done  at  3.15  p.  m.,  smoke  appeared  at  fan  at  3.55  p.  m. 

3.15  to  4.40  p.  m 9.0 

4.40  to  5.45  p.  m 12.5 

5.45  to  6.40  p.  m 9. 0 

6.40  to  7.20  p.  m 5. 5 

8.45  to  9.37  p.  m 4. 5 

In  different  methods  of  drilling  the  amounts  of  dust  produced  were 
as  foUows: 

Amounts  of  dust  produced. 

Mf. 

Dry  drilling  with  piston  type  drills 68  to  201 

Dry  drilling  with  hammer  drills 34  to  100 

Drilling  with  water  sprays  in  '^hand  stopes'' 4. 5 

Drilling  in  "machine"  slopes. 3.8 

a  A  micron  equals  IIIOOO  of  a  millimeter,  or  about  1/25000  of  an  Incb;  the  diameter  of  a  red  eorpmclB  is 
8  microns. 
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The  commission  found  by  tests  that  respirators  would  not  stop  the 
fine  dust;  and  as  they  did  catch  the  coarse  dust,  allaying  irritation  of 
nose  and  throat;  their  e£fect  was  misleading. 

Tlie  use  of  water  is  a  great  gain.  In  the  Simmer  Deep  Mine,  while 
drilling  without  sprays,  in  September,  1911,  before  blasting  80  to 
280  milligrams  of  dust  per  cubic  meter  of  upcast  air  were  found; 
after  blasting  (fan  stopped),  100  milligrams.  With  sprays  in  use. 
La  September,  1912,  the  amoimt  of  dust  before  blasting  was  0.2  to 
3.3  milligrams  per  cubic  meter;  after  blasting,  14  to  17.1  milligrams 
per  cubic  meter. 

Selger  fluid,  chiefly  calcium  chloride  with  glue  and  water, 
i^as  tried.  It  was  found  to  have  no  advantage  as  a  spray,  but  owing 
to  the  deliquescence  of  calcium  chloride  was  thought  to  be  advan- 
tageous for  use  in  airways  or  passages  in  which  the  air  was  below 
saturation,  to  keep  the  surfaces  moist  and  thus  hold  the  dust. 

As  a  result  of  the  work  of  the  several  commissions  mentioned 
above,  drastic  regulations  were  adopted  in  the  South  African  mines, 
among  which  are  the  requirements  in   the  mines  regulations  act 
(Transvaal)  that — 

Ko  person  shall  in  the  drilling  of  holes  use  or  cause  or  permit  to  be  used  any  per- 
cusaion  machine  drill  unless  a  water  jet  or  spray  or  other  means  equally  efficient  is 
provided  and  used  so  as  to  prevent  the  formation  of  dust  by  drilling,  and  unless  the 
floor  and  sizes  of  the  working  place  to  a  distance  of  at  least  25  feet  from  the  face  be 
kept  constantly  wet. 

No  person  shall  in  any  part  of  the  mine  move  any  broken  rock  or  ground  or  cause 
or  allow  the  same  to  be  moved  if  such  rock  or  ground  is  in  a  dusty  condition  unless  and 
until  it  and  the  floor,  roof,  and  sides  of  the  working  place  to  a  distance  of  at  least  25 
feet  have  been  effectively  wetted  and  kept  wet  so  as  to  prevent  the  escape  of  dust  into 
the  air  during  removal. 

The  ganger  shall  in  all  development  faces  (except  in  the  case  of  a  winze  being  worked 
aing^  shift)  immediately  after  lighting  up  put  into  action  the  water  blast  which  he 
shall  have  previously  tested.  If  as  a  result  of  such  test  the  water  blast  be  found  to 
be  not  in  order  no  blasting  shall  take  place. 

The  manager  of  a  mine  shaU: 

(a)  Provide  or  cause  to  be  provided  an  adequate  and  constant  supply  of  water  which 
is  clear  and  odorless  at  every  working  place  which  is  not  naturally  wet.  Such  supply 
shall  be  sufficient  for  effectively  wetting  the  broken  ground  and  for  preventing  formar 
tion  of  dust  caused  by  drilling  operations.  Such  water  shall  be  supplied  in  metal 
pipes  not  less  than  1  inch  in  diameter  at  a  pressure  of  not  less  than  30  pounds  to  the 
square  inch  at  each  working  place  when  all  sprays  and  jets  supplied  from  the  same  pipe 
are  working.  Such  pipes  shall  reach  to  within  50  feet  from  the  face  and  from  there  a 
sufficient  length  of  hose  shall  be  provided  and  used  to  bring  water  up  to  the  face. 

(6)  Cause  the  surface  in  all  working  places,  traveling  ways,  and  shafts  which  are 
not  naturally  wet  to  be  kept  wet  as  far  as  practicable. 

(c)  As  far  as  practicable  cause  such  old  stopes  as  tend  to  short-circuit  or  add  dust  to  the 
ventilating  current  to  be  closed  off  and  cause  the  ventilating  current  to  be  circulated 
along  the  working  face. 
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(d)  Provide  in  such  ahfiftB  wbich  are  not  wet  ring  sprays  at  suitable  points  to  juevent 
dost  being  carried  with  the  air  current. 

(e)  Provide  a  water  blast  as  near  as  practicable  to  all  development  faces  (except 
winzes  beiog  worked  on  single  shift.) 

Among  other  improvements  that  have  been  introduced  on  the  Rand 
are  change  houses,  so  that  miners  hoisted  from  the  hot,  humid  atmos- 
phere of  the  mines  may  have  opportunity  for  bathing  and  for  putting 
on  dry  clothing  before  going  out  into  the  cool,  open  w. 

Owing  to  the  hot  atmosphere  in  the  Transvaal  mines,  water  used  in 
wetting  the  mines  tends  to  dry  up  rapidly,  so  that  a  few  hours  later 
clouds  of  dust  may  be  raised  by  the  concussion  of  blasting.  Accord- 
ingly, either  the  development  places  shoiild  be  resprayed  or,  as  has 
been  more  recently  proposed,  continuous  sprays  may  be  used. 

An  alternative  plan  that  has  been  tried  ^  is  the  use  of  a  mixture 
"  consisting  of  a  50  per  cent  solution  of  molasses  and  water.  *  *  * 
This  mixture  is  sprayed  on  the  roof  and  sides  of  development  places, 
where  it  forms  a  slightly  sticky  coating.  All  dust  settling  on  this 
surface  is  retained  in  a  damp  condition,  thus  preventing  the  usual 
cloud  of  dust  raised  by  the  concussion  of  blasting,  whereas  if  water 
alone  had  been  used  the  dust  would  have  dried  up  after  an  interval 
of  only  a  few  hours,  and  been  left  to  be  disseminated  at  the  next 
blast." 

81X100818  IN  THB  QUA&TZ  WIIBS  OF  ATTSTBALIA. 

Statistics  have  shown  that  miners'  phthisis  is  prevalent  in  the 
quartz  mines  of  Bendigo,  Australia.  In  a  report  on  the  health  of 
miners  there.  Summons^  gives  the  following  figures  regarding  the 
annual  deaths  of  miners  from  miners'  phthisis,  estimated  as  per 
10,000  living  at  all  ages:  1875-1879,  48.5  out  of  a  total  of  179.8; 
1905-6,  129.6  out  of  a  total  of  270  deaths. 

These  figures  show  that  since  machine  drills  have  been  in  use  the 
number  of  men  affected  has  increased  enormously.  Seemingly,  the 
conditions  are  not  so  acute  in  the  Bendigo  mines  as  in  those  on  the 
Rand,  as  the  average  number  of  years  a  miner  worked  in  the  Bendigo 
mines  is  22. 

In  1910  investigation  was  made  into  the  prevalence  of  pulmonary 
disease  among  miners  in  western  Australia.  The  report  of  the  com- 
missioner, Dr.  J.  H.  L.  Cumpston,  does  not  bear  out  the  conclusions 
previously  held  of  the  rarity  of  miners'  phthisis. 


a  OuUflobsen,  B.  C,  The  praveotlaa  of  dust  in  undartraond  workiiigs:  Jour.  Ghem.  Mat.  and  Ifbi.  Soc 
of  Soafh  Africa,  Janaary ,  1914,  p.  340. 

h  Summons,  Walter,  Report  of  aa  InvestigBtioii  at  Bendigo  Into  the  preTaknoe,  nature,  oaoaes*  and 
prevention  of  minen'  phthisia,  IWr,  p.  fi. 
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PHTHISIS  IN  OEBMANY. 

Although  Agricola,  as  cited  in  the  begiiming  of  this  chapter,  specifir 
cally  refers  to  the  presence  of  consumption  in  the  Hartz  mines, 
with  which  he  was  acquainted,  the  disease  was  probably  due  lai^ely 
to  poor  ventilation,  and  as  modem  methods  were  adopted  it  is 
probable  that  with  the  better  ventilation  the  health  of  the  workers 
improved  and  they  became  less  susceptible  to  the  relatively  small 
quantity  of  dust  produced  before  the  introduction  of  percussive 
machines.  *  In  recent  years  the  Hartz  mines  have  been  practically 
exhausted,  and  extensive  metal  mining  in  Germany  is  confined 
lai^ly  to  iron  and  zinc  ores,  in  which  the  dust  problem  is  not  serious. 

However,  as  to  the  e£Fect  of  coal  dust  upon  the  lungs,  two  opposite 
opinions  are  held — one  that  the  dust  is  not  only  harmless  but  even 
conducive  to  health,  and  the  other  that  it  is  a  danger  to  health.  As 
pointed  out  in  a  German  journal,^  these  discordant  opinions  are  due 
to  the  fact  that  some  are  exposed  to  the  inhalation  of  pure  coal  dust 
and  others  to  the  inhalation  of  shale  dust  with  the  coal  dust,  and 
frequently  shale  dust  contains  much  free  silica. 

It  has  been  found  in  Germany  that  industrial  dusts  have  had  a  very 
serious  influence.  The  Prussian  statistics  show  that  in  1909  persons 
suffering  with  tuberculosis  had  been  admitted  to  the  Prussian  hospitals 
to  the  number  of  82,576,  which  was  7.8  per  cent  of  the  total  number  of 
patients.  In  1909  the  total  number  of  deaths  in  Prussia  was  60,871, 
or  0.16  per  cent  of  the  population.  The  number  of  cases  in  Germany 
is  between  800,000  and  1,300,000  in  one  year. 

Sommerfeld  ^  points  out  that  of  1,000  persons  2.39  per  cent  died 
of  pulmonary  tuberculosis  in  occupations  in  which  little  dust  is 
encountered  (particularly  agriculture) ;  5.64  per  cent  in  work  evolving 
organic  dust;  and  5.84  per  cent  in  work  producing  metallic  dust. 

The  disease  was  particularly  manifest  among  workers  of  porcelain 
factories,  where  the  rate  was  14  pQr  1,000.  Hirt^  states  that  the 
average  life  of  glass  grinders  is  only  42  ^  years,  and  if  they  begin  to 
work  at  15  years  of  age  they  seldom  live  beyond  the  age  of  30.  The 
cause  of  such  early  death  is  the  dangerous  character  of  the  dust 
produced  in  grinding,  the  dust  being  exceedingly  fine  and  sharp. 
These  data  indicate  that  a  fine  sharp  dust  is  an  important  factor  in 
the  causation  of  consumption. 

PBBVALBNCB  OF  SILI008IS  AMONG  MINEB8  OF  THB  UNITED 

STATES. 

It  has  for  many  years  been  known  to  American  engineers  and  opera- 
tors that,  in  certain  mining  districts  in  the  United  States,  as  for 

•  8.  B.  B.  Zeltimg,  1911. 

»  Sammerfeld,  Theodor,  Handbuch  der  Oewerbekraokheiten,  Berlin,  18B8,  p.  30. 

0  Hlrt,  Lodwlg,  Die  Krankbeiten  der  Arbelter,  Breslao,  1873,  p.  245. 
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example  in  the  quartz  mines  on  the  Mother  Lode  of  California,  and  in 
the  sheet-ground  zinc  mines  of  Jophn,  Mo.,  there  were  most  serious 
conditions,  causing  an  excessive  number  of  deaths  of  miners  from 
puhnonary  diseases.  It  was  known  that  workers  in  metal  mines  in 
various  parts  of  the  country  had  been  affected,  but  no  comprehensive 
survey  had  been  made,  although  the  subject  was  alluded  to  from 
time  to  time  in  mining  jotunals. 

In  the  earUer  mining  and  tunneUng  in  the  United  States,  as  in 
other  mining  districts  of  the  world,  hand  drilling  with  relatively  small 
charges  of  explosive  was  used  in  breaking  ground.  With  such  con- 
ditions dust  was  a  less  serious  problem.  Formerly  the  number  of 
miners  engi^ed  in  quartz  and  other  mines  which  had  siliceous  ores 
was  small  as  compared  with  the  number  of  miners  engaged  in  mining 
coal,  iron  ore,  and  other  ores  with  nonsiliceous  gangue,  and  owing  to 
the  drifting  of  the  miners  from  one  point  to  another  miners'  consump- 
tion was  not  particularly  noted.  When,  however,  compressed-air  per- 
cussive drills  were  introduced  extensively  into  the  quartz  and  siliceous 
rock  mine,  sminers'  lung  troubles  became  more  common.  This  was 
intensified  with  the  increasing  depth  of  working  with  consequent  rise 
in  temperature  of  the  mine  air,  making  the  men  more  susceptible  to 
pulmonary  troubles,  which  then  came  more  conspicuously  before  the 
pubUc. 

In  the  past  few  years  a  new  factor  has  become  prominent  in  the 
mining  problem  in  the  quartz  and  schist  mines — ^the  development  of 
new  drills.  There  was  a  demand  for  a  drill  that  would  automatically 
throw  a  stream  of  water  into  the  hole  being  drilled,  thus  preventing 
dust.  As  a  result  there  was  devised  a  water-injection  drill  which 
when  properly  used  admirably  serves  the  purpose  of  preventing  dust 
from  drilling  operations.  The  disadvantage  is  that  in  drilling 
''uppers"  the  drill  men  are  splashed  with  water,  and  where  the  air 
is  cool  they  sometimes  do  not  use  the  water,  so  that  then,  of  course, 
the  drilling  operation  makes  dust.  Nevertheless  the  introduction  of 
this  type  of  drill  has  been  an  important  factor  in  lessening  the  pro- 
duction of  dust  in  many  mines. 

Two  other  drills — the  "stoper"  and  the  "jack  hammer" — ^recently 
come  into  use  in  the  United  States  add  to  the  difficulties.  These 
drills  are  light  and  easily  moved  around,  and  their  use  has  proved 
highly  effective,  the  '^stoper"  for  use  in  stopes,  and  the  "jack  ham- 
mer" for  drilling  block  holes.  Owing  to  the  purposes  for  which  the 
drills  are  used,  internal  water  jets  may  be  inconvenient  for  the  jack- 
hammer  type  and  not  be  attadied. 

The  use  of  respirators  has  been  proposed  from  the  first.  Self-con- 
tained oxygen  breathing  apparatus,  although  it  would  be  effective, 
would  be  too  cumbersome  and  expensive  for  regular  use;  and  the 
miners  will  not  use  the  ordinary  respirator  unless  the  conditions  are 
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UQUSTially  bad.  In  fact,  as  pointed  out  by  the  British  commissioners, 
HaJdane  and  Martin,  the  protection  afiEorded  is  very  imperfect;  the 
respirators  leak  around  the  .edges,  particularly  after  the  filtering 
material  has  become  wet  from  the  moisture  content  of  the  expired 
air^  Moreover,  respirators  are  hot  and  uncomfortable,  and  as  at  the 
end  of  each  respiration  the  open  space  is  fiUed  with  expired  air 
containing  about  6  per  cent  of  carbonic  acid,  increased  depth  of 
respiration  is  necessary.  Men  who  are  wearing  respirators,  can  not 
freely  communicate  with  one  another.  Consequently  in  many 
districts  it  is  difl&cult  to  get  the  men  to  use  the  respirators.  The  re- 
cent South  African  commission  found  that  the  respirators  it  tested 
were  ineffective. 

Various  methods  of  lessening  rock-drill  dust  have  been  tried,  such 
as  surrounding  the  mouth  of  the  drill  hole  with  a  bag  through  which 
the  drill  passes;  although  the  arrangement  is  effective  when  properly 
placed,  it  is  rather  dijBScult  to  adjust  and  keep  in  place,  and  when 
offered  to  the  miners  they  in  general  will  not  use  it.  Such  devices 
were  abo  considered  ineffective  by  the  South  African  commission, 
and  the  final  remedy  adopted  was  the  general  use  of  water. 

The  United  States  Bureau  of  Mines  immediately  after  its  establish- 
ment, made  a  rough  preliminary  inquiry  into  the  question.  Subse- 
quently, in  May,  1911,  the  Bureau  of  Mines  and  the  Pubho  Health 
Service  were  jointly  requested  by  the  secretary  of  the  national  asso- 
ciation for  the  study  and  prevention  of  tuberculosis  to  investigate 
the  subject  in  accordance  with  the  following  resolutions  adopted  by 
the  board  of  directors  of  that  association: 

Whereas  the  royal  commission  appointed  by  the  governor  general  of  Australia  to 
inquire  into  the  subject  of  miners'  l\ing  diseases  has  ascertained  a  truly  alarming  state 
of  afEairs,  resulting  from  the  extensive  use  of  rock  drills  underground,  not  provided 
with  spraying  apparatus  to  diminiah  the  production  of  health-injurious  dust;  and 

Whereas  a  large  proportion  of  our  mining  population  are  exposed  to  conditions  quite 
similar  to  those  reported  upon  adversely  in  the  Australian  Commonwealth;  and 

Whereas  the  actual  extent  of  the  occurrence  of  l\mg  diseases  among  metal  miners  ia 
the  United  States  is  at  present  unknown: 

Resolved  by  the  board  of  directors  of  the  national  assodalionfoT  the  study  and  prevention 
of  tuberculosis,  That  we  recommend  to  the  President  and  the  Congress  of  the  United 
States  that  a  thorough  investigation  into  the  whole  subject  of  the  sanitary  conditions 
surrounding  metal  mining  under  ground,  with  special  reference  to  diseases  of  the 
lungs,  be  made  by  the  United  States  Bureau  of  Mines,  the  Public  Health  and  Marine 
Hospital  Service,  and  the  appropriate  State  authorities. 

Prior  to  this  the  Pubhc  Health  Service  and  Bureau  of  Mines  had 
cooperated  in  some  investigations  as  to  the  prevalence  of  contagious 
and  infectious  diseases  among  miners;  and  it  was  then  decided  to 
make  a  specific  investigation  of  the  prevalence  of  miners'  lung 
diseases  in  metal  mines.  Accordingly,  Passed  Asst.  Surg.  S.  C.  Hotch- 
kiss  began  a  survey  of  metal  mines  in  various  places,  and  found  con- 
siderable silicosis  in  certain  kinds  of  mines.    However,  the  investiga- 
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tion  had  hardly  been  started  when  Dr.  Hotchkiss's  sudden  and 
untimely  death  led  to  the  loss  of  the  data  collected.  Subsequently  it 
was  decided  by  the  Director  of  the  Bureafi  of  Mines  to  make  a  detailed 
investigation  of  the  prevalence  of  pulmonary  diseases  in  the  Joplin 
district  of  Missouri,  for  the  special  purpose  of  obtaining  the  life 
history  of  the  miners,  that  district  being  selected  because  the  great 
majority  of  the  miners  are  American  bom,  and  have  worked  almost 
exclusively  there.  At  the  request  of  the  Director  of  the  Bureau  of 
Mines  the  Surgeon  General  of  the  Public  Health  Service  detailed 
Dr.  A.  J.  Lanza,  passed  assistant  surgeon,  to  cooperate  with  Edwin 
Higgins,  mining  engineer  of  the  bureau,  to  make  a  survey  of  the 
district,  especially  of  the  sheet-ground  mines,  in  which  flint  dust  was 
believed  to  be  the  largest  source  of  trouble  in  the  lai^e  number  of 
fatalities  from  lung  diseases  in  the  Joplin  district.  The  soft-groxmd 
mines  of  the  district  are  for  the  most  part  in  limestone  and  clay 
formation  and  it  was  not  expected  that  sihceous  dust  would  bo  found 
in  dangerous  quantities,  a  supposition  that  was  confirmed  by  the 
subsequent  investigations  with  which  this  report  deals. 

Before  the  inquiry  was  finished,  owing  to  the  serious  conditions 
found,  it  was  deemed  important  to  publish  a  preliminary  report, 
and  this  appeared  as  Bureau  of  Mines  Technical  Paper  105.^  The 
investigators,  Messrs.  Lanza  and  Higgins,  were  accorded  splendid 
cooperation  by  the  Missouri  State  mine  inspectors,  by  the  mine 
operators  of  the  district,  and  by  the  miners,  and  reforms  were  im- 
mediately begun.  Statistics  gathered  iir  the  immediate  future  may 
not  show  great  improvements,  owing  to  the  fact  that  many  persons 
were  already  seriously  affected.  Ultimately,  however,  there  is  likely 
to  be  a  great  change  for  the  better. 

Simultaneously  with  carrying  on  the  field  work  an  investigation 
was  conducted  as  to  the  character  of  the  dust  produced  in  the  mines, 
which  in  turn  led  back  to  a  study  of  the  origin  of  chert  deposits 
in  which  the  zinc  and  lead  of  the  sheet  ground  is  found.  The  study 
of  the  samples  of  chert  was  conducted  by  F.  B.  Laney,  geologist  of  the 
United  States  Geological  Survey,  whose  report  is  presented  herewith. 

o  Lanxa,  A.  7.,  and  Higgins,  Ed'vin,  Pnlmonary  disease  among  miners  In  the  Joplin  district,  IfiSsourl, 
and  its  relation  to  rock  dust  In  the  mines;  a  preliminary  report:  Tedi.  Paper  106,  Burean  of  Mfakea,  1915, 
48  pp. 


THE  CHERT  OR  FLINT  OF  THE  JOPLIN  DISTRICT. 

By  F.  B.  Lanet. 
INTBODUCmOK. 

In  the  hard-ground  or  sheet-ground  mines  of  the  Joplin  district, 
the  principal  rock  associated  with  the  ores  is  locally  known  as  flint. 
It  is  dense,  extremely  hard,  gray  or  hlack,  and  consists  almost  wholly 
of  silica.  Variations  in  color  are  laj^ely  due  to  carbonaceous  matter 
and  small  amoimts  of  iron  oxide.  According  to  modem  usage,  tins 
rock  may  properly  be  called  chert,  the  term  used  by  the  United  States 
Geological  Survey,  and  it  is  so  designated  in  this  report. 

On  the  basis  of  color  and  texture  there  are  in  the  Joplin  district 
two  distinct  types  of  chert.  One  is  light  to  bluish  gray,  exceedingly 
dense  and  fine  grained,  and  very  brittle;  the  other  is  very  darker 
black,  of  much  coarser  texture,  and  slightly  less  brittle.  In  point  of 
age  and  conditions  of  deposition  or  formation,  there  are  believed  to  be 
three  distinct  types,  as  follows :  An  original  light  to  bluish  gray  chert, 
probably  contemporaneous  in  deposition  with  the  limestone  in  which 
it  occurs  in  beds  of  varying  thickness;  a  younger,  secondary  diert 
similar  in  color  and  texture,  but  occurring  as  a  replacement  of  the 
limestone  and  in  fractures  in  the  original  chert;  and,  finally,  the  sec- 
ondary black  chert  or  jasperoid.  In  other  words,  it  is  believed  Atat 
the  light  to  bluish  gray  chert  is  of  two  periods  of  deposition  or  forma- 
tion and  is  the  result  of  two  separate  and  distinct  processes,  and  the 
black  chert  or  jasperoid  is  of  one  extended  period  of  deposition  and 
the  result  of  one  type  of  process.  The  gray  chert  is  older  than  the 
ores,  and  although  its  surface  may  be  coated  with  the  ores  of  zinc 
and  lead  and  they  may  fill  fractures  in  it,  they  are  never  f oimd  dis- 
seminated throughout  the  mass  of  the  rock.  On  the  other  hand,  the 
black  chert  or  jasperoid  occurs  as  fracture  filling  in  the  older  chert, 
and  makes  up  the  matrix  for  large  masses  of  breccia,  the  fragments 
of  which  consist  of  sharply  angular  pieces  of  the  older  chert.  The  ore 
minerals  are  also  widely  disseminated  throughout  the  body  of  the 
black  chert.  It  is  therefore  clear  that  the  jasperoid  is  younger  than 
the  gray  chert  and  probably  contemporaneous  with  the  deposition  of 
the  ores. 

Both  types  of  the  rock  break  with  sharp  conchoidal  fracture  into 
niunerous  splinters  and  particles  with  exceedingly  sharp  points  and 
edges  that  cut  almost  like  razors.  This  mode  of  fracture  is  more  pro- 
noimced  in  the  dense,  older  chert  than  in  the  jasperoid.  Different 
observers  have  noted  that  when  either  type  of  the  chert,  but  more 
especially  the  older,  is  broken  the  fracture  faces  are  so  curved  that 
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the  fragments  can  not  be  made  to  fit  together  perfectly,  thus  indi- 
cating that  the  rock  is  under  an  internal  stress  or  strain.  This  fact, 
to  a  certain  degree^  may  account  for  the  brittleness  of  the  rock  and 
its  tendency  to  break  into  minute  sharp-edged  fragments. 

Cherty  including  jasperoid^  forms  by  far  the  most  important  gangue 
material  in  the  Joplin  ore  deposits.  No  mines  are  entirely  free  from 
it,  and  in  some  it  is  practically  the  only  rock  intimately  associated 
with  the  ores.  An  idea  of  the  enormous  quantities  of  chert  that  have 
to  be  broken,  hoisted,  and  crushed  in  mining  and  milling  the  ores  may 
be  gained  by  a  glance  at  the  thousands  and  thousands  of  tons  of  tail- 
ings and  **  chats,"  both  of  which  consist  almost  wholly  of  chert. 

AU  writers  on  the  Joplin  district  have  necessarily  devoted  much 
space  to  the  chert,  and  hence  the  literature  on  the  subject  is  consider- 
able. All  writers  agree  fairly  well  in  classifying  the  material  into 
three  divisions  or  generations — ^an  older,  fossiliferous  chert;  a  still 
older,  nonfossiliferous,  gray  chert;  and  a  younger,  black  variety. 
Buckley  and  Buehler  ^  make  the  following  statement  on  the  subject: 

There  are  at  least  three  generations  of  flint  associated  with  the  limestone  and  the 
ore  bodies.  The  first  is  a  white  variety,  which  is  thought  to  be  original,  since  it  does 
not  contain  fossils  common  to  the  limestone.  The  second  is  a  white,  gray,  or  bine 
variety  containing  fossils  and  thought  to  be  a  replacement  of  the  limestone.  The  third 
is  a  black  flint,  which  evidently  resulted  from  either  the  siliciflcation  of  arenaceous 
mud  or  the  precipitation  of  silica  from  underground  waters,  perhaps  both.  This  flint 
contains  no  fossils  and  serves  as  a  matrix,  in  which  are  embedded  fngmentB  of  the  white 
flint,  forming  what  is  commonly  known  as  a  breccia.  In  places  both  the  white  and 
the  bfack  flints  have  been  decomposed.  When  decomposed,  the  white  flint  is  known 
to  the  miners  as  "  cotton  rock, ' '  on  account  of  its  white,  soft  character,  while  the  decom- 
posed black  flint  is  called  *'cod  rock.'' 

For  the  purposes  of  this  report  it  is  not  considered  necessary  to  dis- 
cuss separately  the  two  classes  of  older  chert,  which  are  much  alike 
so  far  as  their  relation  to  the  ores  is  concerned.  The  jasperoid  is  so 
different  from  the  other  chert  and  is  so  much  more  intimately  associ- 
ated with  the  ores  that  it  merits  separate  consideration. 

aBAY  CHBBT. 
GENERAL  GHAEAGTEBI8TICS. 

The  older,  gray  or  bluish-gray  chert  is  closely  associated  with  the 
ores,  both  as  beds  of  varying  thickness — a  few  inches  to  several  feet — 
of  irregular  lateral  extent  and  as  ellipsoidal  nodules  usually  less  than 
6  inches  in  diameten  Many  of  the  beds  or  sheets  of  chert  have  a 
wavy  or  irregular  surface,  and  in  a  few  the  lamination  planes  of  the 
limestone  extend  into  and  through  the  nodules.  The  rock  varies 
much  in  color,  owing  to  impiu'ities,  iron  staining,  and  different 
degrees  of  weathering  or  decomposition.    The  weathered  material 

a  Buckley,  E.  R.,  and  Buehler,  H.  A.,  The  geology  of  the  Omiby  area:  lOsMNiri  Bureau  of  Geology 
and  ICines,  vol.  4, 3d  aer.,  1906,  pp.  30-31. 
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has  a  flat-white  and  chalky  appearance,  except  for  iron  stains  of 
varying  shades  of  yellow,  and  is  so  soft  that  it  can  he  cut  readily  with 
a  knife.  Much  of  the  chert,  especially  that  in  heavy  heds,  is  shattered 
or  broken  into  small,  sharply  angular  fragments,  which  in  many 
localities  are  cemented  by  the  younger,  black  chert  or  jasperoid  into 
beautiful  breccias.  The  rock  when  fresh  is  very  hard  and  brittle 
and  breaks  readily  with  nearly  perfect  conchoidal  fracture  into 
fragments  of  varying  shapes  and  sizes,  all  with  sharp  points  and 
razorlike  edges.  In  fact,  perhaps  the  most  characteristic  feature  of 
the  fresh  rock  is  its  tendency  to  break  into  sharp-edged  fragments. 
Much  of  the  chert  shows  small  vugs  or  openings;  some  of  these 
are  lined  with  minute,  well-terminated  quartz  crystals.  Some  of 
these  openings  contain  blende  and  other  ore  minerals  in  more  or  less 
well-developed  crystals,  but  the  sulphides  are  rarely  or  never  dis- 
seminated through  the  mass  of  the  rock.  Much  of  the  rock  also 
contains  fractures,  many  of  which  have  been  more  or  less  perfectly 
healed  either  by  the  deposition  of  younger,  gray  chert,  often  in  the 
form  of  minute,  anhedral  quartz  grains,  or  by  the  deposition  of 
jasperoid.  The  rock  is  mvariably  so  dense  and  so  fine  grained  that 
little  or  nothing  of  its  texture  or  mineralogical  composition  can  be 
determined  by  the  imaided  eye,  or  even  by  a  hand  lens.  Much  of  it 
is  highly  fossiliferous,  the  fossils  almost  invariably  being  those  that 
originally  had  calcareous  shells,  or  supports,  such  as  corals,  brachi- 
opods,  crinoids,  or  bryozoa.  In  some  of  the  chert  the  fossils  are 
only  partly  silicified,  and  in  places  the  chert  grades,  by  decrease  of 
silica  and  corresponding  increase  of  calcite,  into  nearly  pure  lime- 
stone, thus  showing  its  origin.  This  subject  is  treated  in  greater  detail 
in  the  discussion  of  the  origin  of  the  chert. 

CHABAOTEBISTIOS  AS   SHOWN  BY  THE  MICROSCOPE. 

In  thin  section,  under  the  microscope,  the  gray  chert  is  seen  to  be 
composed  largely  of  exceedingly  fine-grained  irregularly  interlocking 
quartz,  the  grains  of  which  vary  from  0.05  mm.  to  a  size  so  small 
that  the  microscope  all  but  fails  to  resolve  them;  in  fact,  most  of  this 
chert  is  typically  cryptocrystaUine.  Although  the  texture  is  always 
very  fine  and  dense  there  is  considerable  variation,  as  is  well  shown 
in  Plates  XV,  A,  XV,  B,  and  XVI,  A,  which  are  reproductions  of 
photomicrographs  of  typical  gray  chert. 

The  microscope  shows  that  in  much  of  the  chert  a  great  deal  of  the 
siUca  is  present  as  chalcedony.  In  one  thin  section  studied,  the 
proportion  of  chalcedony  was  at  least  30  per  cent;  but  the  amoimt 
varies  greatly,  and  in  some  specimens  examined  chalcedony,  if  present, 
could  not  be  identified.  This  pecuharity  of  the  Joplin  cherts  was 
noted  and  described  long  ago  by  Hovey.**    The  chalcedony  is  usually 

•  Ho7ey,  E.  O.,  Lead  aod  zinc  deposits  of  Missouri:  Missouri  Oeol.  Survey,  vol.  7, 1804,  p.  728. 
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slightly  yellowish,  probably  owing  to  varying  but  small  amounts  of 
hydrated  ferric  oxide.  It  is  transparent  or  sU^Uy  translucent  in 
ordinary  light,  but  between  crossed  nicols  it  shows  beautifully  the 
typical  black  cross  or  aggregate  polarization.  Its  relation  to  the 
cryptocrystalline  quartz  so  characteristic  of  these  rocks  indicates 
pretty  clearly  that  the  quartz  has  largely  resulted  from  the  crystal- 
lization or  devitrification  of  the  chalcedony,  and  that  at  one  period 
in  its  history  the  chert  was  largely,  if  not  wholly,  in  the  colloidal  or 
chalcedonic  condition. 

Another  interesting  feature  of  the  gray  chert  is  that  in  niany 
samples  the  grains  of  quartz  show  undulatory  extinction,  indicating 
that  the  rock  is  under  stress  or  strain.  There  is  no  indication  that 
the  Joplia  region  has  ever  been  subjected  to  such  intense  dynamic 
metamorphism  as  would  be  necessary  to  develop  these  "strain 
shadows''  in  the  quartz.  It  is  believedi  therefore,  thai  the  phe- 
nomenon is  due  to  internal  stresses,  probably  resulting  from  the 
change  from  colloidal  to  crystalline  condition.  This  internal  stress 
probably  has  an  important  e£Fect  on  the  tendency  of  the  rock  to 
break  so  readily  into  sharp  fragments. 

Much  of  the  rock  is  f ossiliferous  and  the  fossils,  as  has  been  stated, 
are  largely  those  that  originally  were  calcareous.  They  show  all 
degrees  of  siUcification,  from  pure  limestone  to  pure  chert.  Such 
silicifications  are  almost  invariably  much  more  coarsely  crystalline 
than  the  matrix  in  which  they  are  embedded.  The  microscope  also 
reveals  what  appears  to  be  the  remains  of  sponge  spicules.  Most  oi 
these  consist  of  small  spindle-shaped  areas  more  coarsely  crystalline 
than  the  rest  of  the  rock.  Some,  however,  are  trident-shaped,  as  is 
shown  in  Plate  XVI,  A.  The  presence  of  the  remains  of  sponge 
spicules  is  important  as  indicating  the  origin  of  the  chert  and  will  be 
considered  in  some  detail  in  the  discussion  of  that  subject. 

ANALYSES  OF  SAMPLES  OF  GRAY  CHERT. 

The  results  of  chemical  analyses  of  samples  of  gray  chert  follow. 

ReiulU  of  chemical  analyses  of  the  gray  chert  of  the  Joplxn  district,*^ 

[E.  A.  Schneider,  aDalyst.] 


CoDsUtuent. 

Percentage  in  aample— 

A 

B 

C 

J> 

E 

F 

G 

SlOt 

98.17 
.83 
.01 
.06 

.78 

98.92 
.48 
.02 
.03 
.42 

98.71 

.43 

Trace. 

.08 

.€0 

99.4ft 

.29 

Trace. 

.04 

.34 

99.23 

.22 

Trace. 

.02 

.50 

96.60 
.S2 
.01 
.10 
.40 

99  13 

AliOgand  F^Oi 

.16 

MgO 

24 

ciS:. ..::::::::::.:...:::. ::::::::::::::::::: 

Trace 

Loss  on  ignition 

20 

92.84 

99.87 

99.09 

100.18 

99.97 

99.82 

99.50 

>  Clarke,  F.  W.,  Analyses  of  rocks  and  minerals  from  the  laboratory  of  the  United  States  Qeokeical 
Survey,  188(^1908:  U.  8.  Qeol.  Survey  Bull.  419, 1910,  p.  186,  '~-,»-^ 


iiii 


ill 

!  ill 
iii 


lii 
"  a  w 


iU 
"if 

Isi 


THE  CHEBT  OR  FLINT  OF  THE  JOPLIN  DISTRICT.  103 

The  samples  were  collected  in  the  Joplin  district  by  W.  P.  Jenney, 
and  represent  localities  as  follows: 

Sample  ul.— TJnaltered  chart,  East  HoUow,  Belleville,  Mo. 

Sample  B. — ^Partly  altered  chert,  from  the  same  locality  as  sample  A. 

Sample  C. — ^Altered  to  ''cotton  rock,"  from  the  same  locality  as  sample  A. 

Sample  P. — Surprise  mine,  Joplin,  Mo. 

Sample  E. — ^Blue  chert,  unaltered.  Bonanza  shaft.  Galena,  Kans. 

Sample  F. — ^From  the  same  locality  as  sample  £. 

Sample  67.— Altered  chert,  from  the  same  locality  as  sample  £. 

These  analyses  of  representative  specimens  of  the  gray  chert  show 
clearly  that,  whatever  the  origin  and  physical  condition  of  the  chert, 
it  is  at  present  made  up  almost  wholly  of  silica.  The  small  loss  on 
ignition  also  indicates  that  by  far  the  greater  part  of  the  silica  is  in 
the  form  of  quartz.  Field  observations  by  the  writer  in  many  places 
in  the  Joplin  district  and  in  other  localities  in  Missouri  afforded  con- 
clusive evidence  that  much  of  this  rock  represents  a  replacement 
of  the  limestone  by  silica.  The  analyses,  supplementing  as  they  do 
the  microscopic  examinations,  show  how  completely  parts  of  the 
limestone  may  be  silicified. 

The  analyses,  when  compared  with  those  of  the  younger  black 
chert  or  jasperoid,  show  3  to  5  per  cent  higher  silica  content,  less  iron 
and  alumina,  and  less  loss  upon  ignition,  as  well  as  no  carbonaceous 
matter. 

OBIOIN  OF  OBAT  CHEBT. 

It  may  not  be  out  of  place  to  make  a  few  statements  ki  regard  to 
the  probable  origin  and  manner  of  deposition  of  the  chert.  As  has 
been  stated,  it  is  believed  that  the  gray  chert  is  of  two  periods  of 
deposition  or  formation,  one  contemporaneous  with  and  one  later  than 
the  deposition  of  the  limestone  in  which  it  occurs.  Some  of  the 
heavy  beds  of  chert  are  continuous  over  wide  areas  and  occur  at 
definite  horizons  in  the  limestone.  These  are  believed  to  have  been 
deposited  contemporaneously  with  the  limestone  and  to  have  been 
formed  from  siliceous  material  deposited  with  the  limestone. 

Another  part  of  the  chert  is  clearly  a  replacement  of  the  limestone 
in  which  it  occurs.  Limestone  and  chert  are  found  in  every  gradation 
from  pure  limestone  to  pure  chert.  It  is  also  well  established  that 
the  alteration  of  limestone  into  chert  has  taken  place  on  a  large  scale 
in  many  places  in  the  Mississippi  Valley,  and  as  a  result  great  masses 
of  limestone  have  been  replaced  by  chert. 

Much  of  the  nodular  chert  is  also  believed  to  be  a  replacement 
of  limestone  and  consequently  of  secondary  deposition.  There  are 
no  means  of  determining  how  much  of  the  chert  is  of  primary  nor 
how  much  is  of  secondary  deposition,  but  it  is  believed  that  a  large 
percentage  of  the  total  is  of  secondary  origin  and  represents  a  replace- 
ment of  the  limestone. 
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The  ultimate  origin  of  a  large  part  of  the  original  chert  is  believed 
to  have  been  siliceous  materials,  such  as  tests,  shells,  and  spicules  of 
sponges,  which  were  deposited  contemporaneously  with  the  calcareous 
material  that  formed  the  limestone.  That  at  least  a  part  of  the  chert 
is  of  organic  origin  is  conclusively  shown  by  the  fragments  of  sponge 
spicules  frequently  found  in  much  of  the  chert.  Although  it  is 
believed  that  much  of  the  chert  is  of  organic  origin,  the  writer  recog- 
nizes the  possibility  that  a  part,  possibly  the  greater  part,  may 
represent  chemically  precipitated  silica  derived  from  clay  and  other 
silicates  in  solution  in  the  sea  water  during  the  deposition  of  the 
limestone.  Probably,  both  processes  were  active,  but  there  are  no 
means  of  ascertaining  which  was  the  more  important.  The  form 
and  texture  of  the  cherts  indicate  that,  whatever  the  source  of  the 
silica,  a  large  part  of  it  was  probably  precipitated  in  the  colloidal 
condition.  Perhaps  the  masses  of  siliceous  tests  and  shells  formed 
centers  around  which  the  dissolved  silica  collected,  there  being  at  the 
same  time  more  or  less  solution  of  the  tests  and  shells  themselves. 

The  secondary  gray  chert,  although  in  composition,  texture,  and 
general  appearance  closely  similar  to  the  original  gray  chert,  is  much 
younger  and  was  deposited  under  entirely  different  conditions. 
That  it  is  a  replacement  of  the  limestones  and  dolomites  by  silica  is 
clearly  shown  by  the  fact  that  the  calcareous  rock  is  found  in  every 
stage  of  replacement  from  pure  dolomite  or  limestone  to  pure  gray  chert. 
Moreover,  the  chert  contains  an  abundance  of  originally  calcareous 
fossils  such  as  crinoids,  brachiopods,  and  corals,  that  are  now  entirely 
silicified.  Similar  replacement  of  hmedtones  and  dolomites  by  chert 
is  common  throughout  the  whole  Mississippi  valley,  whole  beds  of 
calcareous  rock  having  been  completely  replaced  by  chert.**  Much 
of  the  nodular  chert  is  also  known  to  be  secondary,  and  such  nodules, 
so  far  as  the  writer  is  aware,  can  in  no  way  be  distinguished  from  the 
nodules  of  the  original  and  older  chert.  There  are,  therefore,  no 
satisfactory  means  of  determining  definitely  what  proportion  of  the 
Joplin  cherts  represents  replacement  of  calcareous  rocks  and  what  is 
of  original  deposition  and  therefore  contemporaneous  with  the 
limestone. 

The  source  of  the  silica  of  the  secondary  chert  may  have  been  any 
siliceous  rock  exposed  to  the  action  of  solvent  waters.  Much  of  it  has 
been  dissolved,  carried,  and  deposited  by  the  ground  water,  which 
in  this  region  always  carries  in  solution  an  appreciable  amount  of 
silica.  The  conditions  determining  silicification  are  not  known,  but 
they  assuredly  are  varied.  Much  silicification  has  taken  place  at 
considerable  depths  underground  and  seems  to  be  in  no  way  con- 

a  B«I],  8.  H.,  and  Smith,  A.  F.,  The  geology  of  ICUler  County:  Mlasoaii  Barewi  of  OeoJogy  and  IfiiMs, 
vol.  1, 2d  ser.,  1908,  pp.  146-147. 
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nected  with  the  agencies  of  weathering.  On  the  other  hand,  as  shown 
by  Bain  and  Ubich,**  much  of  the  chert  "as  it  now  occurs  is  largely 
the  segregation  of  siliceous  matter  under  conditions  of  slow  subaereal 
decomposition  of  the  limestone."  As  regards  the  Joplin  district,  this 
last  mode  of  formation,  although  applicable  to  the  chert  in  natural 
outcrops  or  near  surface,  is  certainly  not  applicable  to  that  asso- 
ciated with  the  ores.  As  these  theories  of  the  origin  of  the  chert 
involve  processes  that  are  still  active,  it  is  altogether  probable  that 
replacement  is  going  on  and  that  the  calcareous  rock  is  now  being 
altered  to  chert. 

JASFBBOm  OB  BLACK  CHBBT. 
GENERAL  CHABAOTEBISTICS. 

Aside  from  the  carbonate  rocks,  the  most  prominent  gangue 
material  in  the  so-called  "sheet  ground"  and  much  of  the  "open 
ground"  is  a  dense,  fine-grained,  dark  colored  or  black,  hard,  siliceous 
rock  which  closely  resembles  chert.  This  material  has  been  desig- 
nated by  various  names,  such  as  ozarkite,  cherokite,  secondary  chert, 
and  jasperoid.  The  term  jasperoid  was  first  applied  in  1907  by 
Smith  and  Siebenthal  ^  in  their  folio  on  the  Joplin  district,  and  is  at 
present  the  name  used  by  the  United  States  Geological  Survey. 

Jasperoid  occurs  extensively  in. all  the  sheet-ground  deposits,  in 
which  it  usually  forms  the  matrix  for  more  or  less  of  the  ore.  It  also 
serves  as  a  matrix  for  much  of  the  chert  breccia  in  all  types  of  mines, 
and  in  many  places  layers  of  it  are  intercalated  in  the  dense  older 
gray  chert.  OccasionaJly  it  shows  a  decided  rhythmic  banding  due 
to  concentration  of  certain  of  its  constituents  in  narrow  alternating 
bands.  The  greater  part  of  the  jasperoid,  however,  is  dense,  fine- 
grained, fairly  uniform,  and  black,  without  indications  of  banding. 
The  rock,  although  somewhat  coarser  in  texture  than  the  older  gray 
chert,  presents  practically  all  the  physical  properties  of  true  chert, 
being  hard  and  brittle  and  breaking  with  pronounced  conchoidal 
fracture  into  knife-edged  and  sharp-pointed  fragments,  although  pos- 
sibly not  quite  as  readily  as  the  true  chert.  These  are  the  character- 
istics that  make  the  dust  from  the  rock  so  injurious  to  the  lungs  of 
miners. 

GHARACTERISTIOS   AS   SEEN  BY  THE  MICROSCOPE. 

In  thin  section  under  the  microscope  the  purest  or  most  highly 
siliceous  phases  of  the  jasperoid  are  seen  to  be  composed  of  a  very 

a  Bain,  H.  F.,  and  Ulrich,  E.  O.,  The  copper  deposits  of  Mlssoarl:  V.  8.  Oeol.  Survey  Bull.  267, 1005, 
pp.  27-30. 

b  Smith,  W.  8.  T.,  and  Siebenthal,  C.  E.  Ueol.  Atlu  U.  8.,  Joplin  diatrict  folio  (No.  148):  U.  8.  Oeol. 
Survey,  1907,  p.  14. 
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fine  grained  groundmass  of  approximately  equidimensional  inter- 
locking grains  of  quartz  that  vary  in  size  from  0.02  mm.  in  diameter 
down  to  sizes  that  the  microscope  fails  to  resolve.  Irregularly  dis- 
tributed throughout  this  groundmass  are  numerous  larger  elongated 
and  roughly  rectangular  grains  of  quartz  that  vary  much  in  size, 
being  0.03  to  0.08  mm.  in  longest  direction,  which  is  usually  two  to 
three  times  that  of  the  shortest  grains,  so  that  the  texture  of  the  chert 
roughly  suggests  the  so-called  ophitic  texture  of  certain  igneous 
rocks.  Except  a  few  small  specks  or  grains  of  dolomite  oi;  limestone 
and  particles  of  sphalerite  and  pyrite,  the  only  other  feature  revealed 
by  the  microscope  is  the  presence  of  innimierable  minute  black, 
opaque  particles  which  chemical  tests  show  to  be  carbonaceous 
matter.  This  is  rather  evenly  distributed  throughout  the  rock  and 
accounts  for  its  dark  color.  Although  there  is  much  exceedingly 
fine-grained  material  in  the  jasperoid,  the  rock  as  a  whole  has  a 
decidedly  coarser  texture  than  the  older  gray  chert.  The  micro- 
scope also  corroborates  the  macroscopic  evidence  that  in  many,  if 
not  most,  instances  the  jasperoid  is  a  replacement  of  the  limestone 
or  dolomite.  Specimens  showing  almost  every  step  from  calcareous 
rock  to  jasperoid  are  easily  obtainable.  Much  of  the  jasperoid  con- 
tains, in  addition  to  the  ragged  sphalerite  grains,  nxunerous  rhom- 
bohedral  crystals  of  dolomite.    Smith  and  Siebenthal<*  say: 

At  numerous  places  dolomite  occurs  in  the  jasperoid  in  rhombohedronB,  uaaally 
with  clear-cut  crystal  boundaries.  Many  of  these  contain  as  inclusions,  minute  crys- 
tals of  quartz  and  rarely  sphalerite  is  found  as  a  rule  in  well-defined  crystals.  Spbfr- 
lerite  occurring  as  one  of  the  constituents  of  jasperoid  usually  presents  a  smooth  out- 
line where  adjacent  to  dolomite,  but  where  bordered  by  quartz  its  boundaries,  even 
where  it  shows  general  crystal  outlines,  almost  invariably  yield  to  those  of  the  quartz 
80  as  to  produce  minute  irregularities  at  least. 

The  general  appearance  of  the  section  of  the  finer-grained  jasper- 
oid as  seen  under  the  polarizing  microscope  is  shown  in  Plate  XVI,  B 
(p.  103).  The  thin  section  from  which  this  photomicrograph  was 
made  was  from  the  fine-textxu'ed  phase  of  the  rock,  and  shows  much 
finer  grain  than  is  found  in  the  average  jasperoid. 

ANALYSES  OF  JASPEROID. 

The  following  chemical  analyses  of  jasperoid  were  made  in  the 
laboratory  of  the  Geological  Survey  and  show  the  composition  of 
the  purer  phases  of  the  rock. 

a  Smith,  W.  S.  T.,  and  Siebenthal;  C.  E.,  QeoL  Atlas  U.  8.,  Joplin  distilct  foUo  (No.  148),  U.  S.  Q90L 
Survey,  1007,  p.  14. 
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97.33 
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.09 
.11 
.77 


94.72 
4.00 


Trace. 
LIS 


•  Bain,  H.  F.,  Van  Hlse,  C.  R.,  and  Adams,  C.  L,  Lead  and  dno  deposits  of  the  Ozark  region:  Twenty- 
■eoond  Annual  Rept.,  U.  S.  GeoL  Survey,  pt.  2, 1902,  p.  121. 

*  George  Steiger,  analyst. 

«  L.  O.  Bakins,  analyst  See  Clarke,  F.  W.,  Analyses  of  rocks  from  the  laboratory  of  the  United  States 
Geolocioal  Survey,  1880-190B:  U.  8.  GeoL  Survey  BulL  228, 1904,  p.  297. 

If y  as  is  believed  by  Smitli  and  Siebenthal,^  the  black  chert  rep- 
reseats  a  part  of  the  limestone  that  was  replaced  by  sihca  and  other 
material  when  the  ores  were  deposited,  the  analyses  show  that  the 
replacement  has  been  aU  but  complete.  Field  observations  and 
microscopic  study  of  much  black  chert,  as  well  as  the  analyses  them- 
selves, indicate  that  the  material  chosen  for  chemical  study  was  pure 
jasperoid.  Material  ranging  from  almost  imaltered  limestone  to 
typical  black  chert  is  abimdantly  available  in  the  district. 

Comparison  of  these  analyses  of  the  black  chert  with  those  of  the 
older  g||^y  chert  shows  that  the  two  types  of  rock  differ  mainly  in  the 
silica  content,  the  older  chert  containing  3  to  5  per  cent  more  silica 
than  the  black  rock.  The  black  chert,  on  the  other  hand,  contains 
appreciably  more  iron,  alumina,  Ume,  and  organic  matter  than  does 
the  older  gray  chert. 

ORIOm   OF  JASPEBOID. 

The  investigations  herein  recorded  throw  some  light  on  the  origin 
of  the  jasperoid  and  led  the  writer  to  agree  with  the  hypothesis  offered 
by  Smith  and  Siebenthal,^  whose  conclusions  are  as  follows: 

It  [the  jasperoid]  ocguib  locally  in  lenticular  forms  such  as  characterize  the  occur- 
rence of  limestone  in  chert,  and  the  manner  of  its  occurrence  in  the  sheet  ground  sug- 
gests the  replacement  of  sheets  and  lenses  of  limestone.  More  definite  evidence  is 
found  in  the  ^t  that  all  stages  of  the  process  of  change  from  unaltered  limestone  to 
jasperoid  have  been  observed,  both  megascopically  and  microscopically.  Corrobor- 
ative ^ts  are  the  occurrence  here  and  there  of  fossils,  particularly  crinoid  stems,  in 
t3rpical  jasperoid  as  well  as  the  presence  of  stylolites  in  a  somewhat  calcareous  jasperoid 
at  the  Jack  Johnson  mine  near  Ghitwood. 


«  Smith,  "W.  8.  T.,  ami  Siebentbal,  C.  £.,  OeoL  Atlas  U.  8.,  JopUn  district  folio  (No.  148),  U.  8.  GeoL 
Survey.  1907,  p.  14. 
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The  general  process  of  replacement,  as  shown  by  the  microscope,  is  as  follows:  First, 
a  few  scattered  crystals  of  quartz  appear  in  the  limestone;  with  increase  in  the  pro- 
portion of  quartz  the  limestone  decreases  until  in  its  later  stages  the  rock  consista 
chiefly  of  a  granular  aggregate  of  quartz,  with  scattered,  ragged  grains  of  calcite,  mere 
remnants  of  the  former  limestone.    Finally,  even  these  disappear. 

This  explanation  of  the  origin  of  jasperoid  accounts  for  the  scarcity  of  limestone  in 
the  ore  deposits.  In  the  sheet  ground,  limestone  is  rarely  found,  jasperoid  occupying 
those  positions  in  which  limestone  would  normally  be  looked  for.  In  the  breccia,  lime- 
stone blocks  are  sometimes  found,  but  the  chert  breccia  of  many  mines  appears  to  be 
wholly  free  from  limestone,  although  dolomite  and  chert  may  border  it  on  one  side  and 
limestone  with  chert  on  the  other.  The  replacement  of  limestone  by  jasperoid  would 
not  only  account  for  the  apparent  absence  of  much  or  most  of  the  limestone  to  be 
expected  in  the  chert  breccias,  especially  in  those  mines  which  are  practically  free 
from  dolomite,  as  the  Oronogo  mines  and  those  in  the  hard  sheet  ground,  but  would  also 
explain  the  fractured  beds  of  chert  sometimes  seen  suspended  in  a  matrix  of  jasperoid . 

Most  of  the  geologists  who  have  studied  the  Joplin  ore  deposits 
believe  that  the  silica  forming  the  jasperoid  was  deposited  originally 
in  colloidal  form.  The  first  writer  to  suggest  that  it  was  deposited 
as  colloidal  siUca  and  later  changed  to  the  crystalline  condition  is 
Bain,^  who  studied  the  district  in  1900.  The  premises  on  whichhe  bases 
his  hypothesis  were  stated  by  him  substantially,  as  follows:  dystals 
of  sphalerite  completely  inclosed  in  jasperoid  possess  well-defined 
crystal  outlines  with  no  indication  that  'they  were  deposited  in  cavi- 
ties; and  the  microscope  does  not  reveal  any  such  concentric  lamina- 
tions in  the  matrix  immediately  surrounding  the  crystals  as  com- 
monly surroimd  crystals  that  have  in  their  growth  crowded  aside 
the  matrix. 

In  1915  Siebenthal,**  after  an  extended  study  of  the  ore  deposits  of 
the  district,  reviewed  the  work  of  Bain  and  concurred  with  him  in  his 
conclusions  in  regard  to  the  original  colloidal  conditions  of  the  silica 
of  the  jasperoid.  The  writer  beUeves  not  only  that  the  silica  of  the 
jasperoid  was  deposited  in  the  colloidal  condition  but  also  that  the 
silica  of  the  older  chert  was  to  a  large  extent  similarly  deposited.  Of 
course  the  deposition  took  place  long  before  the  period  of  mineraliza- 
tion and  the  development  of  the  jasperoid. 

a  Batn,  H.  F.,  Van  Hise,  C.  R.,  and  Adams,  C.  I.,  work  quoted,  pp.  106, 106. 

b  Siebenthal,  C.  E.,  The  origin  of  the  xinc  and  lead  deposits  of  the  JopUn  region:  IT.  S.  Oeol.  Survey  Boll. 
606, 1915,  pp.  181-183. 
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